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Microchip Development Tools Take Cost and Time 
Out of Embedded Design 


Supported by Industry-Leading MPLAB® Single Development Environment 
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Cross-Platform Universal Open-Source 


With over 1.15 million development systems already shipped, Microchip Technology 
has a reputation for providing a comprehensive range of world-class, low-cost, 
easy-to-use application development tools. Combining Microchip's powerful free 
MPLAB® IDE with application- and product-specific starter kits cuts the cost and 
complexity of your embedded designs. 


MPLAB X IDE is the new single, universal graphical user interface for Microchip and third party 
software and hardware development tools. It is the industry's only IDE to support an entire MPLAB® ICD 3. DV 164035 
portfolio of 800+ 8-bit, 16-bit and 32-bit PIC? MCUs, dsPIC® DSCs and memory devices. It 
includes a feature-rich editor, source-level debugger, project manager, software simulator, 
and supports Microchip's popular hardware tools, such as the MPLAB ICD 3 in-circuit debugger, 
PICkit™ 3 starter kit, and MPLAB REAL ICE™ in-circuit emulator. 


Based on the open-source NetBeans platform, MPLAB X runs on Windows® 0S, MAC® OS and 
Linux, supports many third-party tools, and is compatible with many NetBeans plug-ins. 


Add starter kits, reference designs and webinars for specific PIC MCU and dsPIC DSC families 
and you have all the tools you need to fast-track your embedded design. The low-cost starter 
kits help you to use application-optimised PIC MCU and dsPIC DSC families in wireless and 
wired networks, security, motor control, automotive and low-power designs, as well as in Pickit™ 3 Debug Express 
graphics and general-purpose applications. -DV164131 


Start now! Download the MPLAB IDE Quick Start manual at: 
www.microchip.com/tools 
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The Microchip name and logo, the Microchip logo, dsPIC, MPLAB and PIC are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. PICkit, PICDEM and REAL ICE are trademarks of Microchip Technology 
Incorporated in the U.S.A. and other countries. All other trademarks mentioned herein are property of their respective companies. © 2011, Microchip Technology Incorporated. All Rights Reserved. DS52032A. ME297AEng/10.11 
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Projects and Circuits 


EHT STICK by Jim Rowe 
An extra high voltage probe for digital multimeters 


HIGH-QUALITY DIGITAL AUDIO SIGNAL 
GENERATOR - PART 2 by Nicholas Vinen 
Assembling the project’s circuit boards and case, and checking operation 


CAPACITOR LEAKAGE ADAPTOR FOR DMMss by Jim Rowe 
Precision component checker that can measure down to 100nA 


WIB FAQs by Mauro Grassi 
A question and answer session for the Web Server In a Box project 


TECHNO TALK by Mark Nelson 
Cheaper than chips 


INTERFACE by Robert Penfold 
Simple electronic thermometer 


CIRCUIT SURGERY by lan Bell 
What’s the comparison? 


PIC N’ MIX by Mike Hibbett 
chipKIT Arduino Development 


MAX’S COOL BEANS by Max The Magnificent 
On the dabble. . . Max the caveman. . . On the rocks 


NET WORK by Alan Winstanley 
Clocking your car. . . Licensed to fine! . .. Looks Familiar. . . 
Cookie monster 
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EDITORIAL 
A jump start for those new to electronics 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


SUBSCRIBE TO EPE and save money 
EPE BACK ISSUES Did you miss these? 


MICROCHIP READER OFFER 
EPE Exclusive — Win a Microchip LED Lighting Development Kit 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT - Matt Pulzer addresses general points arising 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, plus more CD-ROMs 
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PCBs for EPE projects 
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Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 
Tel: 01279 467799 


All prices INCLUDE 20.0% VAT. | a 
Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day [visa | 


Delivery - £4.95; UK Mainland Next Day Delivery - £11.95; Europe (EU) - 
£12.95; Rest of World - £14.95 (up to 0.5Kg). 

!Order online for reduced price Postage (from just £1) 

Payment: We accept all major credit/debit cards. Make PO’s payable to 
Quasar Electronics. 

Please visit our online shop now for full details of over 500 electronic kits, 
projects, modules and publications. Discounts for bulk quantities. 


ot" 467799 


Fax: 01279 267799 
E-mail: sales@quasarelectronics.com 


Web: www.quasarelectronics.com 
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QUASAR 


Sales 


electronics 


Solutions for Home, Education & industry Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU121) £24.95 
Leads: Parallel (LDC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


USB & Serial Port PIC Programmer 
USB/Serial connection. 
Header cable for ICSP. 
Free Windows XP soft- 
ware. See website for PICs 
supported. ZIF Socket and 
USB lead extra. 18Vdc. 
Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £59.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


USB Flash/OTP PIC Programmer 
USB PIC programmer for a wide 
range of Flash & OTP devices— 
see website for details. Free Win- 
dows Software. ZIF Socket and 
USB lead not included. Supply: 
16-18Vdc. 

Assembled Order Code: AS3150 - £49.95 
Assembled with ZIF socket Order Code: 
AS3150ZIF - £64.95 
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ATMEL 89xxxx Programmer 

‘ Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and irewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 

Assembled Order Code: AS3081 - £24.95 


PIC Programmer Board 

Low cost PIC program- 

mer board supporting 

a wide range of Micro- 

chip® PIC™ microcon- 

trollers. Requires PC 

serial port. Windows 

interface supplied. 

Kit Order Code: K8076KT - £39.95 


PIC Programmer & Experimenter Board 
The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU303 £9.95 


USB Experiment Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £39.95 
Assembled Order Code: VM110 - £64.95 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- 
cludes one Tx but more avail- eS 

able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £54.95 
Assembled Order Code: AS3180 - £64.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 

—_ 200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £24.95 

Assembled Order Code: AS3145 - £31.95 

Additional DS1820 Sensors - £4.95 each 


Remote Control Via GSM Mobile Phone 
Place next to a mobile phone (not , 
included). Allows toggle or auto- 

timer control of 3A mains rated 

output relay from any location 

with GSM coverage. 

Kit Order Code: MK160KT - £14.95 


Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix). 


4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any & 
of the 4 relays as de- 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 

Assembled Order Code: AS3140 - £94.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 

channel relay board. 5A 

mains rated relay outputs 

and 4 opto-isolated digital 

inputs (for monitoring 

switch states, etc). Useful 

in a variety of control and e 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108 - £89.95 


Infrared RC 12—Channel Relay Board 


©, 


Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £64.95 

Assembled Order Code: AS3142 - £74.95 


Audio DTMF Decoder and Display 
Detect DTMF tones from 
tape recorders, receivers, 

, two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 

16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU303). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 

Assembled Order Code: AS3153 - £49.95 


3x5Amp RGB LED Controller with RS232 
3 independent high power a 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 3191KT - £27.95 

Assembled Order Code: AS3191 - £37.95 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 
4 channel computer 
serial port temperature 
monitor and relay con- 
troller with four inputs 
for Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 


40 Second Message Recorder 
Feature packed non-volatile 
40 second multi-message 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- 
alone operation using just six onboard but- 
tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 
120 second version also available 


Bipolar Stepper Motor Chopper Driver 
Get better performance from 
your stepper motors with this 
dual full bridge motor driver 
based on SGS Thompson 
chips L297 & L298. Motor 
current for each phase set 
using on-board potentiometer. Rated to han- 
dle motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply voltage. 
Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 
sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £39.95 

Assembled Order Code: AS3187 - £49.95 


Video Signal Cleaner 
Digitally cleans the video 
signal and removes un- 
wanted distortion in video 
signal. In addition it stabilises at 
picture quality and luminance fluctuations. 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £32.95 
Assembled Order Code: VM106 - £49.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 
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Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common 
DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 

Assembled Order Code: AS3067 - £27.95 


Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver 
Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 
Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £16.95 
Assembled Order Code: AS3179 - £23.95 


Computer Controlled Bi-Polar li a 
Motor Driver 

Drive any 5-50Vdc,5 Amp ff 
bi-polar stepper motor using Ff 
externally supplied 5V lev-  & 
els for STEP and DIREC- 
TION control. Opto-isolated 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 


Bidirectional DC Motor Speed Controller 
Control the speed of 
most common DC 
motors (rated up to 

4 32Vdc/10A) in both 
the forward and re- 
verse direction. The 

range of control is from fully OFF to fully ON 

in both directions. The direction and speed 
are controlled using a single potentiometer. 

Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 

Assembled Order Code: AS3166v2 - £33.95 
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AC Motor Speed Controller (600W) 
Reliable and simple to 

install project that allows 

you to adjust the speed of 

an electric drill or 230V AC 

single phase induction 

motor rated up to 600 

Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 
able for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 
Assembled Order Code: AS1074 - £23.95 


See www.quasarelectronics.com for lots 
more motor controllers 


QUASAR 


electronics 


The Elecironic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £199.95 

Also available: 30-in-1 £19.95, 50-in-1 
£29.95, 75-in-1 £39.95 £130-in-1 £49.95 & 
300-in-1 £89.95 (see website for details) 


Tools & Test Equipment 


We stock an extensive range of soldering 


tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Advanced Personal Scope 2 x 240MS/s 
Features 2 input chan- 
nels - high contrast LCD 
with white backlight - full 
auto set-up for volt/div 
and time/div - recorder a 
roll mode, up to 170h per a LP 
screen - trigger mode: 

run - normal - once - roll ... - adjustable trig- 
ger level and slope and much more. 

Order Code: APS230 - £499-95 £399.95 


Personal Scope 10MS/s 

The Personal Scope is not a 
graphical multimeter but a com- 
plete portable oscilloscope at the 
size and the cost of a good mul- 
timeter. Its high sensitivity - down 
to 0.1mV/div - and extended 
scope functions make this unit 
ideal for hobby, service, automo- 
tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £18935 £159.95 


See website for more super deals! 


: ay www. quasarelectronics.com 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 
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KC-5507 £21.75 plus postage & packing 
Compressors are useful in 
eliminating the extreme 
sound levels during 
TV ads, "pops" from 
microphones when 
people speak or 
bump / drop them, 
leveling signals when 
singers or guitarist vary 
their level, etc. Kit includes 
PCB, processed case and 
electronic components for 12VDC operation. 
12VDC plug pack required - use MP-3147 £6.25 
Featured in EPE January 2012 


Minimaximite Controller Ki 


KC-5505 £18.25 plus postage & packing 


A versatile and intelligent controller to interface with 
your creations, such as home automation. Features 
20 configurable digital/analog I/O ports, 128K RAM 
and 256KB flash memory to hold your program and 
data. Design and test in MMBasic over a USB link 
from your PC, then disconnect the PC and the 
programs continue to operate. Alternatively, hard 
wire a PC monitor, keyboard, SD card 
reader and amplified speaker to 
work independent of a PC. 


e Requires 2.3 - 3.6VDC 
(2 x AA or use 
plugpack MP-3310 £7.00) 


¢ Kit supplied with PCB, pre- y ’ 
programmed and pre-soldered micro, ) 
and electronic components 4 


¢ PCB: 78(L) x 38(W)mm 


Pees in EPE December 2011 


Ultrasonic Antifouling for Boats 


KC-5498 £90.50 plus postage & packing 
Marine growth electronic antifouling systems can cost 
thousands. This project uses the same ultrasonic 
waveforms and virtually identical ultrasonic 
transducers mounted in a sturdy polyurethane 
housings. By building it yourself (which includes some 
potting) you save a fortune! Standard unit consists of 
control electronic kit and case, ultrasonic transducer, 
potting and gluing components and housings. The 
single transducer design 
of this kit is 
suitable for 
boats up to 
10m (32ft); 
boats longer 
than about 14m 
will need two / 
transducers and We 
drivers. Basically 

all parts supplied in 
the project kit 


(Price includes epoxies). , ( 


including wiring. 


¢ 12VDC 

¢ Suitable for power or sail 

© Could be powered by a solar panel/wind generator 
¢ PCB: 104(L) x 78(W)mm 

Featured in EPE January 2012 


Now available Pre-built: 

Dual output, suitable for vessels up to 14m (45ft) 
YS-5600 £309.25 

Quad output, suitable for vessels up to 20m (65ft) 
YS-5602 £412.25 


aycar 


KC-5506 £36.25 plus postage & packing 
Corrects sound and picture synchronization (‘lip 
sync’) between your modern TV and home theatre 
system. Features an adjustable delay from 20 to 
1500ms in 10ms steps, and handles Dolby Digital 
AC, DTS and linear PCM audio with sampling rate 
of up to 48kHz. Connections include digital S/PDIF 
and optical Toslink connections, and digital 
processing means there is no audio degradation. Kit 
includes PCB with overlay and pre-soldered SMD 
IC, enclosure with machined panels, 
and electronic components. 


¢ 9-12VDC power supply 
required 
¢ Universal IR remote 
required - use AR-1729 £8.75 
¢ PCB: 103(L) x 118(W)mm 
Featured in EPE August 2011 
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3 - 9VDC to DC Converter Kit 


KC-5391 £6.00 plus postage & packing 
This great little converter allows you to use regular 
Ni-Cd or Ni-MH 1.2V cells, or Alkaline 1.5V cells for 
QV applications. Using low cost, high capacity 
rechargeable cells, the kit will pay for itself in no- 
time! You can use any 1.2-1.5V cells you desire. 
Imagine the extra capacity you would have using 
two 9000mAh D cells in replacement 
of a low capacity 9V cell. 


© PCB: 59(L) x 29(W)mm 

¢ Kit supplied with PCB, and 
all electronic components. 

Peetuied in EPE June 2007 


Full Function Smart Card Reader / 
Programmer Kit 


KC-5361 £20.00 plus postage & packing 
Program both the microcontroller and EEPROM in 
the popular gold, silver and emerald wafer cards. 
Card used needs to conform to ISO-7816 standards. 
Powered by 9-12VDC wall adaptor or a 
QV battery (not included). Instructions 
outline software requirements that are 
freely available on the internet. 


¢ PCB: 141 x 101mm 
¢ Kit supplied with PCB, 
wafer card socket 
and all electronic components 
¢ Suitable Wafer Card available, ZZ-8800 


Note: Jaycar Electronics will not accept 
responsibility for the operation of this device, its 
related software, or its potential to be used for 
unlawful purposes. 

Featured in EPE May 2006 
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Theremin Synthesiser Kit MkII 


KC-5475 £27.25 plus postage & packing 
The ever-popular Theremin 

is better than ever! From 

piercing shrieks to menacing 

growls, create your own eerie 

science fiction sound effects by 

simply moving your hand near 

the antenna. It's now easier to 

build with PCB-mounted switches 

and pots to reduce wiring to just the hand plate, 
speaker and antenna and has the addition of a skew 
control to vary the audio tone from distorted to clean. 


* Complete kit contains PCB with overlay, pre- 
machined case and all specified components 

© PCB: 145(L) x 85(W)mm 

Featured in EPE March 2011 


Freecall order: 


O800 O3e 7e4i 


Everyday Practical Electronics 


FEATURED KITS 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon Chip Magazine 
Australia. These projects are ‘bullet proof’ and already tested Down Under. All Jaycar kits are supplied with specified board 
components, quality fibreglass tinned PCBs and have clear English instructions. Watch this space for future featured kits. 


Stereo Compressor Kit Digital Audio Delay Ki Switching Regulator Kit 


April 2012 


KC-5508 £14.50 plus postage & packing 
Outputs 1.2 to 20V from a —~yaese 
higher voltage DC supply at 
currents up to 1.5A. It is small, 
efficient and with many features 
including a very low drop-out 
voltage, little heat generation, 
electronic shutdown, soft start, 
thermal, overload and short circuit 
protection. Kit supplied with PCB, 
pre-soldered surface mounted 
components and PCB mount components. 


¢ PCB: 49.5 x 34mm 


Voltage Monitor Kit 


KC-5424 £8.50 plus postage & packing 
This versatile kit will allow you to monitor the 
battery voltage, the airflow meter or oxygen sensor 
in your car. The kit features 10 LEDs that illuminate 
in response to the measured voltage, preset 9-16V, 
0.-5V or 0-1V ranges, complete with a fast response 
time, high input impedance and auto dimming for 
night time driving. Kit includes PCB with 


overlay, LED bar graph and all e 
electronic components. 

¢ 12VDC 

¢ PCB: 74 x 47mm 


\ Featured in EPE September 2010 


KC-5504 £18.25 plus postage & packing 
Measure the g-forces on your vehicle and it's 
occupants during your next lap around the race 
circuit, or use this kit to encourage smoother driving 
to save petrol and reduce wear & tear. Forces (+/- 
2g) are displayed on the 4-digit LED display. Also use 
it to measure g-forces on a boat crashing over 
waves or on a theme park thrill ride. Kit 
includes PCB with pre-mounted 
SMD component, pre- 
programmed microcontroller and all 
onboard electronic components. 


¢ Requires 2 x AA batteries 
© PCB: 100(L) x 44(W)mm 


Note: We supply the PCB with the SMD 
component already mounted on the 
board to save time and frustration. 
Featured in EPE November 2011 
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Marine Engine Speed Equaliser Kit 


KC-5488 £14.50 plus postage & packing 
Avoid unnecessary noise and vibration 
in twin-engine boats. The Engine 
Speed Equaliser Kit takes 
the tacho signals from 
each motor and 
displays the output on 
a meter that is centred 
when both motors are 
running at the same RPM. 
When there's a mismatch, the meter shows which 
motor is running faster and by how much. Simply 
adjust the throttles to suit. Short form kit only, 
requires moving coil panel meter (OP-5010 £6.25). 


¢ 12VDC 

¢ Kit supplied with PCB, and all electronic 
components 

¢ PCB: 105(L) x 63(W)mm 

Featured in EPE November 2011 


Audio, Video & Radio Kits for Electronics Enthusiast 


Studio 350 - High Power Amplifier 
KC-5372 £79.50 plus postage & packing 
The studio 350 power a 


amplifier will deliver 
a whopping 
350WRMS 
into 4ohms or 
200WRMS into 
8ohms. It offers real grunt 
using a high power MJ21193/4 
transistor and is super quiet with a very low 

signal to noise ratio and harmonic distortion. This kit 
is supplied in short form with PCB and electronic 
components. Kit requires heatsink and (+/-) 70V 
power supply as described in instructions. See 
website for more specifications. 

A AI 


45 Second Voice Recorder Module 


KC-5454 £12.75 plus postage & packing 
This kit has been improved and 
can now be set up easily to 
record two, four or 

eight different 

messages for 

random-access 

playback or a single 

message for ‘tape 

mode’ playback. Also, it now provides cleaner and 
glitch-free line-level audio output suitable for 
feeding an amplifier or PA system. It can be 
powered from any source of 9-14VDC. 


¢ Supplied with silk screened and solder masked 
PCB and all electronic components 
e PCB: 120(L) x 58(W)mm 

bs 


Minivox Voice Operated Relay 


KC-5172 £6.00 plus postage & packing 
Voice operated relays are used for ‘hands free’ radio 
communications and some PA applications etc. 
Instead of pushing a button, this device is activated 
by the sound of a voice. This tiny kit fits in the 
tightest spaces and has almost no turn-on delay. 
12VDC @ 35mA required. 
Kit is supplied with PCB 
electret mic, and all 
specified components. 


© PCB: 47 x 44mm 


Jacob's Ladder High Voltage 
Display Kit MK2 


KC-5445 £15.75 plus postage & packing 
With this kit and the purchase of a 12V ignition coil 
(available from auto stores and parts recyclers), 
create an awesome rising ladder of noisy sparks 
that emits the distinct smell 


of ozone. This improved 
circuit is suited to modern 
high power ignition coils 
and will deliver a 
spectacular visual display. 


Kit includes PCB, pre-cut wire/ ladder and all 
electronic components. 


¢ 12V automotive ignition coil and case not included 

¢ 12V car battery, 7Ah SLA or >5Amp DC power 
supply required and not included 

¢ PCB: 170 x 76mm 


Warning: The Jacobs Ladder Kit uses 
potentially dangerous voltage. 
Ss 


AUDIO AMPLIFIER KITS 


“The Champ" Audio Amplifier 
KC-5152 £3.00 plus postage & packing 
This tiny module uses the 
LM386 audio IC, and will 
deliver 0.5W into 8ohms 
from a 9V supply making 
it ideal for all those basic 
audio projects. It features 
variable gain, will happily run from 
4-12VDC and is smaller than a 9V battery, 
allowing it to fit into the tightest of spaces. 


© PCB and all electronic components included 


“Pre-Champ" Versatile Preamplifier 
KC-5166 £3.50 plus postage & packing 
This tiny preamp was specifically designed to be 
used with the 'Champ' amplifier KC-5152. Unless 
you have a signal of sufficient amplitude the 
‘Champ’ will not produce its maximum power 
output. The 'Pre-Champ' is the answer with a gain 
in excess of 40dB, which is more than enough for 
most applications. You can vary the gain by 
changing a resistor and there is even provision on 
the PCB for an electret microphone. 
Use AM-4010 £1.00. = 
© Power requirement: 
6-12VDC. 
¢ Kit includes PCB and 
electronic components 
© Can be battery powered 


50 Watt Amplifier Module 

KC-5150 £11.00 plus postage & packing 
This 50 watt unit uses a single chip 

module and provides 50WRMS @ 8 

ohms with very low distortion. 

PC Board and electronic 

components supplied. PC 

Board size only 84 x 58mm. 

Requires heatsink. See 

website for full specs. 


¢ Heatsink to suit HH-8590 £7.00 


Universal Stereo Preamplifier 

KC-5159 £6.25 plus postage & packing 
Based around the low noise LM833 dual op-amp IC, 
this preamp is designed for use with a magnetic 
cartridge, cassette deck or dynamic microphone. 
The performance of this design is far better than 
most preamps in many stereo amplifiers, making it 
a worthy replacement if your 
current preamp falls short of 
expectation. It features RIAA/IEC 
equalisation, and is supplied with 
all components to build either the 
phono, tape or microphone version. 


¢ Measuring only 80x78x30mm, it is ideal for 
incorporating into existing equipment and is hence 
supplied short form of PCB and specified 
components plus PCB standoffs for mounting. 

e +/- 15VDC required, use KC-5038 £5.50. 

If power is not available in your equipment 
use MM-2007 £3.50. 


Post & Packing Charges 


HOW TO ORDER 


Max weight 550lb despatched from 
Heavier parcels POA Australia, so local customs 
duty & taxes may apply. 


Minimum order £10 


Order Value Cost We ship via DHL WEB: www.jaycarelectronics.co.uk 

£10 - £49.99 £5) Expect 5-10 days PHONE: 0800 032 7241* 

Fino £19099 3p, Fait parcel delivery || FAX: +61 2 8832 3118" 

POONETEAOOTOOMBEAT V Track & Trace parcel EMAIL: techstore@jaycarelectronics.co.uk : 
£5002 £40 Note: Products are POST: P.0. Box 107, Rydalmere NSW 2116 Australia 


All prices in Pounds Sterling. Prices valid until 30/04/2012 


“Australian Eastern Standard Time 
(Monday - Friday 09.00 to 17.30 GMT + 10 hours) 


._ 


a 


Order online: www. 


jaycarelectronics.co.uk 


KIT OF THE MONTH 


The Super Ear 


KA-1809 £10.50 plus 
postage & packing 
Assists people who have 
difficulty hearing high audio 
frequencies, or use as an interesting 
education aid in the classroom. By 
amplifying high audio frequencies, 
conversations will be made clearer and 
you will hear sounds not normally heard 
such as insects or a watch ticking. Kit 
supplied with case, processed panels, 
PCB, 9V battery, and all electronic 
components. Headphones required. 


¢ PCB: 56 x 26mm 
Note: Not a replacement for a proper hearing aid. 
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High Performance 12V Stereo Amplifier 


KC-5495 £16.50 plus postage & packing 

An ideal project for anyone wanting a compact and 
portable stereo amp where 12V power is available. 
No mains voltages, so it's safe as a beginner's first 
amp. Performance is excellent with 2OWRMS per 

channel at 14.4V into 4 ohms and THD of less than 
0.03%. Shortform kit only. 


¢ Kit includes PCB & on-board 
electronic components 

¢ 12VDC 

¢ Recommended heatsink: 
Use HH-8570 £2.50 


Clifford The Cricket 


KC-5178 £6.25 plus postage & packing 

Clifford hides in the dark and chirps annoyingly until 
a light is turned on - just like a real cricket. Clifford is 
created on a small PCB, measuring just 40 x 35mm 
and has cute little LED insect eyes that flash as it 

sings. Just like a real cricket, it waits a 
few seconds after darkness until it 
begins chirping, and stops instantly 
when a light comes back on. 


e PCB, piezo buzzer, 
LDR plus all electronic 
components supplied 


KG-9092 £5.00 plus postage & packing 
This kit generates a deep sounding noise 
similar to fog horns on ships. Use as a ~ 
unique warning siren or to improve a 7 
child’s toy. Operating voltage is 4.5V to 
12VDC. Output power up to 5 watts 
depending on the input voltage 
used, Requires an 80hm speaker. 


RADIO KITS \ 


Miniature FM Transmitter 

KE-4711 £5.00 plus postage & packing 
This unit is a two transistor two stage transmitter 
that has the benefits of being VERY COMPACT. Kit 
contains PCB, 9V battery and all components, and 
makes an ideal, inexpensive 

beginners kit. 


© PC board size: 
45 x 22mm 
° 9VDC 


100-200MHz VHF Converter 


KG-9128 £11.00 plus postage & packing 
This simple to build kit makes it feasible to receive, 
for example, taxis, amateur radio operators, marine 
radio, television audio carriers, etc. The kit 
connects in-line with your VHF « > 
receiver's antenna avoiding a. 
2 


Expand your 
knowledge 
of radio! 


: 


messy installation and 
receiver modifications. 


* Operating voltage 9VDC 


\ 


Jaycar 


Digital Echo Chamber Kit 
compact sound effects kit, with 
uilt-in mic or line in, line out or 
speaker (500mW). 4 Adjustment con- 


trols 

Power: 9Vdc 150mA 

MK182Vellemankit £11.43 
_—- —_—— = = 


3rd Brake Light Flasher Kit 
Works with any incandescent or LED 
rear centre brake light. Flashes at 
7Hz for 5 or 10 times, adjustable re- 
fragering. 
Power: 12Vde max load 4A 


Miodules - See our web site for 
details on the whole range, 
uta sheets, Software and more. 


www.esr.co.uk 


Now Available - Cebek Modules 
All modules assembled & tested. 


Digital Record/Player 

Non volatile flash memory, Single 20 
sec recording via integral mic, 
output to 8Q'speaker. 

Power: 5Vdc 100mA 


»| 


¢-9701 Cebek Module £7.89 
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Multifunction Up/Down Counter 
n up or down counter via on-boa 

button or ext input. Time displa 

ture. Alarm count output. 0-9999 dis- 


lay. 
Power 9-12Vde 150mA 
K8035 Velleman kit 


—_ 


£17.85 


2 Digital Counter 
Standard counter, 0 to 99 from 
input pulses or external signal. 

P ith reset input, 13.5mm Displays, 
Power: 12Vdc 90mA. 


CD-9 Cebek Module £12.99 


(Digital Clock Mini Kit : 

Red 7 Segment display in attractive 
enclosure, automatic time base selec- 
tion, battery back-up, 12 or 24Hr 
modes. 

Power: 9Vac or de 


(Nixie Clock Kit 

Gas filled nixie tubes with their dis- 

tinctive orange glow. HH: is- 
lay, automatic power sync 50/60Hz 
ower: 9-12Vac 300mA 


K8099 Vellemankit £64.96 


1.8W Mono Amplifier 
Compact mono 1.8W RMS 40 
power stage, short circuit & re- 
verse polarity protection, 30- 
18kHz, Power: 4-14Vdc 150mA 


E-1Cebek Module £5.87 


A Mini USB Interface Board > 


New from Velleman this little inter- 
‘ace module with 15 inputs/outputs 
inc digital & analogue in, PWM 
outputs. USB Powered 50mA, Soft- 
ware supplied 


VM167 Module £26.80 


20W 2 Channel Amplifier 

Mono amplifier with 2 channels (Low & 
High irequecy). 20W RMS 4Q per chan- 
nel, adjustable high level. 22-22kHz, 
short circuit & reverse polarity protection. 
Power: 8-18Vde 2A 

E-14 Cebek Module £22.11 


ermosta! ni 
(Thermostat Mini Kit .) 
General purpose low cost thermostat 
kit. +5 to +30°C Easily modified tem- 
perature range/min/max/hysteresis e 
‘A Rela 
Bower: 12Vde 100mA 
\MK 138 Velleman Kit £4.55 


5W Stereo Amplifier 

Stereo power stage with 5W RMS 
4Q, 30-18kHz, short circuit & re- 
verse polarity protection. 

Power: 6-15Vdc 500mA 


ES-2 Cebek Module £21.54 


Velleman Function Generator 
PC Based USB controlled function 
enerator. 0.01Hz to 2Mhz Pre- 
efined & waveform editor. Software 
fupplied. See web site for full feature 
Ist. 


© PCGU1000 Velleman £118.38 / 


12Vdc Power Supply 
Single rail regulated power supply 
complete with transformer. 130m 
max low ripple, 12Vdc with adjust- 
ment. 


& 


FE-103 Cebek Module £13.16 / 


Velleman PC Scope 

PC Based USB controlled 2 channel 
60Mhz oscilloscope with spectrum 
analyser & Transient recorder. 2 
Scope probes & software included. 
See web site for full feature list. 


\PCSU1000 Velleman £249.00 


e 


(4. 80 Second Timer ~ 


Universal timer with relay output. 
Time start upon power up or 
button. LED indication. 5A Relay 
Power: 12Vdc 60mA 


I-1 Cebek Module £12.92 


MK178 Vellemankit £6.30 
MK151 Vellemankit £15.09 i-) 
_——— -_ 23 
Proximity Card Reader Kit a 
A simple security kit with many appli- 
relay, either on/off or timed. Supplied 
with 2 cards, can be used with up to 25 
cards. Power: 9Vac or de 
MK179 Vellemankit £14.25 —_/ 
cht 
Powered by two subminiature mo- o 
tors, this robot will run towards 
an Hea source. Novel shape PCB: 
with LED eyes. 
Power: 2 x AAA Batteries 
MK127 Velleman kit £9.02 me 
200W Power Amplifier 2) 
A high quality audio power amp, 
200w music power @ 40 3-200kHz 
or module including heatsink. 
K8060 Velleman kit £12.85 
Heatsink for kit £9.95 
VM100 Module £38.54 / 
MP3 Player Kit SY 
Plays MP3 files from an SD card, 
peeves on optional LCD. Line & 
eadphone output. Remote control 
add-on. Power: 12Vdc 100mA 
K8095 Velleman kit £39.99 by 
A handy kit to accurately control DC 
motors etc. Overload & short circuit 
$ protection Input voltage 2.5-35Vdc, 
» Max nin 6.5A. 


cations. RFID technology activates a 
Ronni Microbug Kit >) 
Available as a kit without heatsink 
supports ID3 tag which can be dis- 
DC to Pulse width Modulator =) 
Power: 8-35Vde 


K8004 Vellemankit £9.95 _/ 


Velleman PC Scope/Generator ) 


PC Based USB controlled 2 channel 
oscilloscope AND Function genera- 

r. Software included. See web site 
for full feature list. 


PCSGU250 Velleman £113.67 


iy 
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Cyclic Timer 
Universal timer with relay output. 
Time start u on pow up or pus 
button. On & Off times 0.3-60 Sec- 
onds, LED indication. 5A Relay 
Power: 12Vdc 80mA 


1-10 Cebek Module £14.12 


ey, 


Audio Analyser Kit 

A small spectrum analyser with LCD. 
Suitable for use on 2, 4 or 8Q sys- 
tems. 300mW to 1200W(2Q) 20- . 
20kHz Panel mounting, back-lit dis- 
play. Power: 12Vdc 75mA 


K8098 Velleman kit £31.65 


RF Remote Control Transmitter 
Single channel RF keyfob transmitter 
with over 13,122 combinations. Certi- 
fied radio frequency 433.92MHz. 
Power: 12Vdc 2mA (inc) For use with 
TL-1,2,3,4 receivers. 


\TL-5 Cebek Module £14.64 


Se 


Light Detector ’ 
Adjustable light sensor operating 
a relay. Remote sensor & termi- 
nals for remote adjustment pot. 
5A Rela 

Bower: 12Vde 60mA 


1-4 Cebek Module 


g 


| 


£13.98 


USB DMX Interface 


512 DMX Channels controlled by PC 
via USB. Software & case included. 
Available as a kit or ready assem- 
bled module. 

K8062 Velleman kit £47.90 
VM116 Module £67.15) 


RF Remote Control Receiver 
Single channel RF receiver with relay 
output. Auto or manual code setup. 
Momentary output, 3A relay 

Power: 12Vdc 60mA For use with TL-5 
or TL-6 transmitters. 


TL-1 Cebek Module £28.25 / 


‘e 


Liquid Level Detector 

A liquid level operated relay. Re- 
mote sensor operates relay when 
in contact with a aus 5A Relay 


Va 
Power: 12Vdc 60m. 
\ 1-6 Cebek Module 


£13.08) 


USB Interface Board 

fessiatas 5 in, 8 digital outputs, 2 in 
& 2 ana logue outputs. Supplied with 
software. Available as a kit or ready, 
assembled module. 


K8055 Velleman kit £24.80 
VM110 Module £34.90 
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(Key ad Access Control Py 


An electronic lock with up to ten 4 
digit codes. Momentary or timed (1- 
60ec/1-60min) output. Relay 5A 
kia 12Vdc 100mA Keypad includ- 
ed. 


\DA-03 Cebek Module £54.26 


Thermostat 

A temerature controlled relay. Ad- 
justable between -10 to 60°C Sen- 
sor on remote PCB. Connector for 
external adjustment pot. 5A Relay 
Power: 12Vdc 60mA 


1-8 Cebek Module £12.80 


8 Channel USB Relay Board a 
PC Controlled 16A relays with tog: 
le, momentary or timed action. Test 
uttons included, available in a kit 
or assembled. 


K8090 Velleman kit £39.95 
VM8090 Module £58.40 


¢ AC Motor Controller a 


A 230Vac 375W motor speed con- 
trol unit giving 33 to 98% of full 


ower. 
Powers 230Vac 


R-8 Cebek Module £12.14 


Start / Stop Relay 
Simple_push button control of a 
relay, Either 1 or 2 button opera- 
tion SA Rela 

Power: 12Vdc 60mA 


1-9 Cebek Module £12.83 


(Components){Hardware} 
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i 0191 2514363 
0191 2522296 
les@esr.co.uk 


Station Road § GD 
Cullercoats 
Tyne & Wear 
NE3O 4PQ 


Prices Exclude Vat @20%. 
UK Carriage £2.50 (less than 1kg) 
P| & £6.50 greater than Ikg or >£30 
Cheques / Postal orders payable to 
& wise ESR Electronic Components Ltd. 
PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept @ wimborne.co.uk 

We are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. We regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. We are not able to answer 
technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. We 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptor. 


COMPONENT SUPPLIES 
We do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

We advise readers to check that all parts are still 
available before commencing any project in a back- 
dated issue. 


ADVERTISEMENTS 
Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 
The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 


EVERYDAY PRACTICAL 


ELECTRONICS 


A jump start for those new to electronics 


EPE aims to provide you with challenging and engaging projects. We 

also take advantage of the rapid pace of change in electronics — the 

‘smart’ functions that many of our designs include would have been 
unimaginable or impractically expensive and complicated just a few years 
ago. Internet servers, GPS-based circuits and very high quality audio 
designs are just a handful of the stimulating projects and areas we have 
covered over the last year. 


While these projects have undoubtedly been successful, and we enjoy 
your positive feedback in letters or via enthusiastic banter in our online 
forum Chat Zone, we are aware that for some readers, projects at this level 
are perhaps a little daunting. The circuits and theory behind our projects 
are typically sophisticated and not always appropriate for beginners 
contemplating their first foray into soldering. 


We try hard to cater for all levels of ability, and so we’ve decided to run 
a series dedicated to beginners, which features straightforward, engaging 
and easy-to-build circuits. It’s called ‘Jump Start’ and it begins in next 
month’s issue. 


Authored by EPE stalwarts Mike and Richard Tooley, Jump Start will 
provide a practical introduction to the design and realisation of simple, 
but useful electronic circuits. It will appeal to self-taught newcomers, 
or those following formal courses taught in schools and colleges. It will 
also be ideal for involving a son or daughter in their first steps into our 
fascinating hobby. 


Those of you who enjoyed our recent Teach-In series will feel at home 
with Jump Start, with its carefully paced explanations and use of the 
excellent ‘Circuit Wizard’ software. Each project will include design 
notes, with just the right level of theory to aid understanding; suggestions 
for modifying and expanding the project; and photographs explaining 
each stage of manufacture. 

May’s issue will kick off with a Moisture Alarm — the perfect project 
for the great British summer! Subsequent projects will include a quiz 
machine, solar mobile phone charger, Christmas lights, a logic probe, 
simple radio... Well you get the picture, it will be fun, educative and 
practical. 


For more experienced readers, who are perhaps worried that Jump Start 
is not really for you, fear not! We are adding an extra eight pages to every 
issue of EPE; so no sections are being cut to make space for this new 
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A roundup of the latest Everyday 
News from the world of 
electronics 


Apple power by Barry Fox 


easoned Apple watchers learn 

that the Cupertino company 
sometimes files ‘left-field’ patents 
for off-the-wall ideas, perhaps to 
mislead competitors or even have 
some mischievous fun with gullible 
reporters. But when the company 
files a clutch of patents on a new line 
of development, credited to the same 
several inventors, it’s a safe bet that 
Apple is hoping to commercialise the 
idea. A bunch of recent filings clearly 
point to the upcoming use of fuel cells 
to power Apple’s portables. 

In two patents filed in April 2010, US 
2011/0256465 and US 2011/0256463, 
inventors Vijay Iyer, Jean Lee, Grego- 
ry Tice, Bradley Spare and Steven Mi- 
chalske explain why designers have 
hitherto been wary of using fuel cells 
in laptops. 

Each cell converts fuel such as hy- 
drogen into electricity, with water as 
the waste product. So stainless steel 
electrodes are needed to avoid corro- 
sion. Each cell only generates around 
0.5V, so 25 cells are stacked in series 
to sum the voltage and deliver the 
12V to 17.5V needed to power the 
device. Since stainless steel is heavy, 
the weight of the stack becomes pro- 
hibitive for a portable device. Also, 
if one cell fails the voltage drops be- 
low the critical level that the player 


littleBits 


| i New York comes ‘littleBits’, 
an opensource library of electronic 
modules that snap together with tiny 
magnets for prototyping and play. It’s 
simple enough for young children to 
play with, but has enough variety and 
components for any age to enjoy. 
They claim, ‘we spend more than 
7.5 hours with technological de- 
vices every day, but most us don’t 
know how they work, or how to 
make our own. For all the interactiv- 
ity of these devices, we are bound to 
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needs and the whole stack becomes 
useless as a power supply. 

Apple’s patented tricks include sav- 
ing weight by bonding a cathode on 
one side of a stainless steel plate and 
an anode on the other. Also, fewer 
cells are used and they are connected 
in parallel rather than series, to de- 
liver low voltage at meaty power to a 
voltage step-up converter. If one cell 
in the stack fails, the delivered volt- 
age remains the same; the only pen- 
alty is slightly reduced current and 
thus slightly reduced power time. 


Replaceable power 
In June 2010, Spare, Iyer, Lee and Tice 
joined with Michael Hillman and Da- 
vid Simon to file for 2011/0311895 
and 2011/0313589, which worry 
about US dependence on oil from 
the Middle East and offshore drilling. 
They also note that the EPEAT (elec- 
tronic product environmental assess- 
ment tool) score for consumer de- 
vices can be increased by providing 
them with renewable energy sources 
such as hydrogen fuel cells, which 
use replaceable cartridges of sodium 
borohydride that can power a laptop 
for ‘days or even weeks’. 

Another problem with fuel cells, 
they say, is that they take time to 
‘boot-up’ and start producing power. 


littleBits, a kind of ‘electronic Lego’ 


passive consumption.’ The design- 
ers of littleBits want to put a stop to 
this. Their aim is to ‘create scientific 
thinkers and problem-solvers’. 

The circuit boards are engineered 
to snap together without soldering, 


So Apple’s plan is to build a small ca- 
pacity conventional Li-Ion recharge- 
able booster battery to provide short 
bursts of instant-on power. 

For reliability and safety, the fuel cell 
and boost battery must be integrated 
with an intelligent link to the com- 
puter processor. This three-way link 
lets the computer monitor the fuel cell 
charge level and its internal pressure 
and temperature, along with the boost 
battery state, while controlling a cool- 
ing fan inside the fuel cell stack. 

Taken together, Apple’s four filings 
leave little doubt that the company is 
serious about using fuel cells for fu- 
ture portable devices, most likely lap- 
tops and tablets that have the space 
on board for the cell stack and associ- 
ated electronics. 

Apple has obviously been planning 
for the use of fuel cells for several 
years. A 2006 filing (2007/0201703) 
notes the increasing use of speaker 
docks with portable players designed 
for use with headphones or ear buds. 
Unless powered separately, the dock 
draws far more current than the ear 
transducers, so the portable ‘battery 
or mini-fuel cell’ soon flattens. The 
2006 filing describes intelligence to 
be used in the player, which controls 
the output sound level dependent on 
the amount of charge left. 


wiring, or programming. There are 
over 50 littleBits modules, divided 
into four categories: 


@ Power components, to provide 
electricity to the system 

@ Input components, to interpret data 
or their surroundings 


© Output components, to make visu- 
al, physical, and audible changes to 
their surroundings 

@ Wire components route power and 
communication between the bits 


More details at: http://littlebits.cc 
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Star Trek-style scanners! 


cientists have developed a new 

way to create electromagnetic 
terahertz (THz) waves or T-rays — the 
technology behind full-body security 
scanners. The researchers behind 
the study, published recently in the 
journal Nature Photonics, say their 
new stronger and more efficient 
continuous wave T-rays could be 
used to make better medical scanning 
equipment, and may one day lead to 
innovations similar to the ‘tricorder’ 
scanner used in Star Trek. 

In the study, researchers from the 
Institute of Materials Research and 
Engineering, a research institute in 
Singapore, and Imperial College Lon- 
don have made T-rays into a much 
stronger directional beam than was 
previously thought possible, and 
have done so at room-temperature 
conditions. This is a breakthrough 
that should allow future T-ray sys- 
tems to be smaller, more portable, 
easier to operate, and much cheaper 
than current devices. 

The scientists say that the T-ray 
scanner and detector could provide 
part of the functionality of a Star 
Trek-like medical ‘tricorder’ — a por- 
table sensing, computing and data 
communications device — since the 
waves are capable of detecting biolog- 
ical phenomena, such as increased 
blood flow around tumorous growths. 
Future scanners could also perform 
fast wireless data communication to 
transfer a high volume of information 
on the measurements it makes. 


T-rays are waves in the far infrared 
part of the electromagnetic spectrum 
that have a wavelength hundreds of 
times longer than those that make up 
visible light. Such waves are already 
in use in airport security scanners, 
prototype medical scanning devices 
and in spectroscopy systems for ma- 
terials analysis. 

T-rays can sense molecules such as 
those present in cancerous tumours 
and living DNA, since every molecule 
has its unique signature in the THz 
range. They can also be used to de- 
tect explosives or drugs, for gas pol- 
lution monitoring, or non-destructive 
testing of semiconductor integrated 
circuit chips. 

Current T-ray imaging devices are 
very expensive and operate at only a 
low output power, since creating the 
waves consumes large amounts of en- 
ergy and needs to take place at very 
low temperatures. 

In the new technique, the researchers 
demonstrated that it is possible to pro- 
duce a strong beam of T-rays by shin- 
ing light of differing wavelengths on to 
a pair of electrodes — two pointed strips 
of metal separated by a 100nm gap 
on top of a semiconductor wafer. The 
structure of the tip-to-tip nano-sized 
gap electrode greatly enhances the 
THz field and acts like a nano-antenna 
to amplify the wave generated. 

The scientists are able to tune the 
wavelength of the T-rays to create a 
beam that is useable in the scanning 
technology. 


Quadcopter lift-off 


= has launched an exciting 
new kit; the ELEV-8 Quadcopter is 
a flying robotic platform that is lifted 
and propelled by four fixed rotors. 
There are no fixed wings; all of the lift 
is created from the rotors. 

Unlike standard helicopters, a 
quadcopter uses fixed-pitch blades, 
whose rotor pitch does not vary as 
the blades rotate. Control of vehicle 
motion is achieved by varying the 
relative speed of each rotor to change 
the thrust and torque produced by 
each, 

The quadcopter uses a HoverFly 
board, with a Propeller multicore mi- 
croprocessor to electronically control 
stabilisation of the aircraft. The bene- 
fits to this system are a stable platform, 
with no mechanical linkages for a 
small maneuverable and agile aircraft. 

The kit provides an inexpensive way 
to get involved in the quadcopter are- 
na. The kit includes: frame, mounting 
hardware, motors, speed controllers, 


propellers and the control board for 
flight stabilisation (the only thing you 
need to provide is a battery and the 
RC radio equipment — a six-channel 
RC radio is recommended). 

The ELEV-8 platform is large enough 
for outdoor flight and has plenty of 
room for payload and attachments 
(up to 0.9kg). The Price is US$550; for 
more details visit: www.Parallax.com 


‘suns 
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Parallax s new ELEV-8 Quadcopter Kit 
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Ecodesk 


Eco saint or sinner? —find out at ecodesk.com 


f you are interested in the 

‘sustainability’ of a company in 
the electronics sector, a new online 
database may be just what you 
are looking for. With over 5,000 
company profiles, ecodesk.com is a 
website that allows members of every 
industry worldwide to compare and 
communicate sustainability - see: 
www.ecodesk.com/sector/electronics 


3-axis automotive gyro 


aa 


Gyros aid cars navigate if a GPS signal is lost 


TMicroelectronics, a supplier of 

MEMS (micro-electro-mechanical 
systems) sensors and automotive ICs, 
has introduced the market’s first 3-axis 
digital-output gyroscope that meets 
the industry-standard qualification 
for automotive integrated circuits 
(AEC-Q100). Their latest angular- 
rate sensor aims to add positioning 
accuracy and stability to a wide range 
of automotive applications, including 
in-dash navigation, telematics and 
vehicle tolling systems. 

Accurate measurements of angular- 
motion detection with gyroscopes can 
significantly enhance dead-reckoning 
and map-matching capabilities in car 
navigation and telematics applica- 
tions. In situations when a GPS sig- 
nal can’t be seen, such as in urban 
canyons between tall buildings, dead- 
reckoning systems compensate for loss 
of satellite signal by monitoring mo- 
tion, distance travelled and altitude. 


Free MIT course 

ust announced as we go to press, 

MIT, the prestigious Massachusetts 
Institute of Technology is offereing a 
free online course in electronics. You'll 
need some physics and basic calculus, 
but if you are after a challenge, then 
this might be just right; enroll at: 
http:/Anitx.mit.edu 
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Do you need to measure the EHT valiaeat in a CRT-based scope, 
computer monitor or TV receiver, or perhaps in a photocopier, laser 
printer or microwave oven? You'll need an EHT probe to suit your digital 
multimeter (DMM) to do this, and you’ll find they are pretty pricey. 

Not to worry though, because here’s one you can build for less than £40. 


EASURING really high 
voltages is not something 
you can normally do easily 


or safely. So, if you want to measure 
the EHT of CRT-based TV receivers, or 
the corona voltages in photocopiers or 
laser printers, what do you do? 
These voltages are around 22kV or 
more — far out of the range of a DMM. 
If you want to measure the voltage in 
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a microwave — about 3kV or so — that’s 
also way out of range of a DMM. 

You can’t make this kind of meas- 
urement with a normal multimeter 
or DMM, because in most cases they 
have a maximum input voltage rating 
of 1000V DC or 750V AC. 

The only way this type of meter 
can be used to make measurements 
on higher voltages is to connect a 


specially designed EHT divider probe 
between its input sockets and the 
source of high voltage. The probe di- 
vides down the voltage to be measured 
by aknown factor (usually either 100:1 
or 1000:1), to bring it within the volt- 
age range that can be handled safely 
by the meter. 

This type of EHT divider probe has 
been available commercially for many 
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By Jim Rowe 


years, and they’re still available if you 
hunt them down. 

They’ve never been particularly 
cheap though, and if you want to buy 
a brand-new probe nowadays you'll 
find they’re priced from around £100 
and up — not easy to justify if you only 
want to measure EHT voltages every 
now and again. 


EHT stick 

Our probe, which we’ve dubbed the 
‘EHT Stick’, has been designed to al- 
low you to measure DC voltages up to 
around 23kV to 25kV, using any stand- 
ard digital multimeter (DMM) which 
has an input resistance of 10MQ. It 
provides a division ratio of 1000:1, so 
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SAFETY WARNING 


Constructional Project 


n order to use EHT divider probes like the one described in this 
article safely, you MUST note carefully the following points: 


1. The probe’s ground return MUST always be connected securely to 
the ‘earthy’ side of the EHT circuit in which you are making the measure- 
ment — BEFORE you connect the probe’s measuring tip to the ‘hot’ side 
of the circuit. This is most important, because if the probe tip is connected 
first, all of the probe’s internal circuitry AND YOUR DMM will be ‘floating’ 
at the full EHT voltage, and thus represent a very serious safety risk. 


2. The probe’s ground return lead and its connection clip must be regarded 
as a vitally important part of the probe itself. It is crucial to achieving cor- 
rect probe operation, because it provides the only connection between 
the bottom end of the probe’s voltage divider and the EHT circuit in which 
you are making the measurement. 


3. NEVER connect the probe’s ground return lead to the ‘hot’ side of the 
high voltage circuit, as this will also cause your DMM to be floating at the 
full EHT voltage. If you need to measure an EHT voltage that happens 
to be negative with respect to ground, simply reverse the polarity of the 
probe lead connections to the DMM input jacks. The probe’s ground 
return lead should ALWAYS be connected to the ‘cold’ or earthy side of 
the EHT circuit. 


4. If at all possible, turn off the power to the EHT circuit before you con- 
nect the probe’s ground return lead and input measuring tip. Only turn 
the power back on when both connections are secure and your hands 
are safely withdrawn. This will help ensure that you don’t receive a shock 
when the probe tip comes into contact with the ‘hot’ side of the EHT 
circuit, and also that a ‘flashover’ arc cannot develop. 


5. Turn off the power to the EHT circuit again after you have made 
the measurement, and before you remove the tip and ground return 
connections (in that order). 


6. If it is not feasible to turn off the power to the EHT circuit before mak- 
ing the probe connections, and you have to hold the probe body in your 
hand while making the measurement, you must make sure you hold it 
down at the output lead end. Do not risk a flashover or punch-through 
by holding it closer to the tip end. 


7. Do not attempt to use this type of probe to make measurements 
in high voltage power distribution systems. These can supply a huge 
amount of energy/power and, in most cases, cannot be turned off in 
order to make the probe connections. The risk of serious injury or death 
is therefore extremely high. 
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kilovolts at the input are read simply 
as volts on the DMM. 

Like many commercial EHT probes, 
it provides an input resistance of just 
over 800MQ. So, when it’s connected 
across a circuit with a voltage of say 
20kV (20,000V), the probe will draw a 
modest ‘loading’ current of only 25uA. 

In their divider’s crucial input leg, 
commercial EHT probes have always 
used special very high value ‘long 
spiral’ resistors rated to withstand 
very high voltages, but these haven’t 
been readily available for some time. 

So instead, we have used 80 (yes, 
eighty!) high voltage (3.5kV) 10MQ0.5W 
1% metal film resistors in series, to pro- 
duce the 800MQ input leg. The Farnell 
type number for the 10MQ is 1772424. 

Because of the large number of 
resistors in series, the voltage drop 
per resistor is kept well within their 
maximum voltage rating. 

Even when the EHT Stick is meas- 
uring a voltage of 25kV for example, 
the voltage across each resistor in the 


12 


BEFORE probing the EHT. 


input leg is only 313V. The power 
dissipation per resistor will be less 
than 10mW. 

By the way, don’t be tempted to 
substitute standard 0.25W or 0.5W 
resistors for the high voltage types 
specified. Most 0.25W and 0.5W resis- 
tors have a voltage rating of only 200V 
to 250V or so — certainly not enough! 

Before we move on to look at the 
probe’s circuit and how it’s built and 
used, please read the text in the safety 
warning box carefully. 

Making measurements in EHT 
circuits inevitably presents an in- 
creased safety risk, because even in 
a CRT-based TV set or a microwave 
oven, the EHT circuitry can provide 
a lethal shock. 

So it’s important -—in fact, vital—that 
you not only build the probe exactly 
as we describe, but also you follow 
the correct procedures when making 
a measurement. If you are hasty, care- 
less, or ignore our advice, the measure- 
ment may be the last you ever make! 


Cy) 


Test setup using the EHT Stick and a digital multimeter. You 
must always ensure that the green grounding lead is firmly 
attached to a suitable ground point in the circuit under test 


Circuit description 

As you can see from the EHT Stick 
circuit diagram of Fig.1, the probe is 
just a resistive voltage divider, with 
an input leg formed by the 80 10MQ 
resistors in series. 

The lower leg is formed by the 
820kQ and 30kQ resistors in series 
with trimpot VR1, with the 10MQ 
input resistance of the DMM itself in 
parallel. 

When the value of this composite 
lower leg is adjusted using trimpot 
VR1 to have a resistance of 1/999 of the 
input leg (ie, nominally 800MQ/999, 
or 800.801kQ), the divider provides an 
exact division ratio of 1000:1. 

Trimpot VR1 allows you to compen- 
sate for the within-tolerance variations 
in all of the other resistors, to give the 
probe maximum accuracy. 

So, while the circuit of the probe 
is very straightforward, the physical 
construction presented us with quite 
a challenge, in order to meet the 
somewhat conflicting needs of fitting 
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HV 7-80 x 10M 1% = 800M +/-1%——, 


PROBE <——O—\W\- 
TIP 


THIS SECTION ALL WITHIN 
PROTECTIVE PVC CYLINDER 


Constructional 


OUTPUT 
TO DMM 
(Rin = 10MQ) 


GROUND 
RETURN CLP* 


* MOST IMPORTANT FOR YOUR SAFETY: 
ALWAYS CONNECT GROUND RETURN CLIP TO 
THE HIGH VOLTAGE CIRCUIT'S GROUND SECURELY, 


BEFORE CONNECTING THE PROBE TIP TO THE HV SOURCE 


EHT STICK (1000:1 HIGH VOLTAGE DIVIDER FOR DMMS) 


Fig.1 (above): the circuit is simply a voltage divider giving a suitable output to 


measure on a digital multimeter 


Fig. 2 (right): shows the PC board component overlay. It’s not difficult to build, but 
it is quite tedious fitting and soldering 82 half-watt resistors. Note: do not substitute 
other resistors as their voltage rating may be insufficient 


no fewer than 82 0.5W resistors plus 
a trimpot into a case that would be 
compact enough to be handheld, yet 
provide a high level of electrical isola- 
tion and safety. 


Construction 

The approach to construction we came 
up with was to fit all of the resistors 
and the trimpot onto a long narrow 
PC board, measuring 228mm x 37mm. 
This board is available from the EPE 
PCB Service, code 841. The 80 resis- 
tors in the divider’s input leg are laid 
out in a long ‘zig-zag’ pattern over 
most of the board’s length, to provide 


1 PC board, code 841, available from 
size 228mm x 37mm 
1 250mm length of 48mm OD/39mm 


1 3.5-6mm cable gland 
banana plugs 


4 1mm diameter PC board terminal p 
1 nylon cable tie, 4mm wide 


Resistors (0.5W 1% metal film) 
80 10MQ 1% Vishay BC (500mW rati 
1 50kQ 25-turn vertical trimpot (VR1) 


2 43mm ID PVC pipe cap to suit conduit 

1 230mm length of 30mm diameter heatshrink tubing 

1 4mm banana socket, red with matching double-adaptor banana plug 
2 1.2m long 600V-rated test leads (one red, one black) with shrouded 
1 1m length of mains-rated flexible earth lead, with green insulation 

1 32mm (medium) alligator clip, with black or green insulating shroud 


1 short (~50mm) length brass rod, around 2mm to 3mm diameter (for tip) 


the necessary spacing in a reasonably 
compact area. 

The PC board, sleeved in 30mm 
heatshrink tubing, is designed to 
fit inside a 250mm length of 43mm 
OD/39mm ID PVC-U conduit, with a 
43mm ID PVC pipe cap at each end to 
complete the safety isolation. 

The PVC-U conduit needs matching 
end caps, both can be obtained from 
hardware stores and plumbing sup- 
ply outlets. Most vendors will supply 
minimum lengths of one metre, but a 
1m length should only cost a couple 
of pounds. One of these days we’re 
sure to come up with a use for the rest! 


the EPE PCB Service, 


ID PVC-U conduit 


ins 


ng — Farnell 1772424) 
1 820k 1 30kQ 
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Or you might also try your friendly 
local plumber for an offcut. The plumb- 
er might also be good for a short length 
of 4mm brass rod (eg, brazing rod) to 
fashion a probe tip. 

The end caps are a (tight!) friction 
fit onto the conduit. This provides 
adequate physical security while main- 
taining good electrical isolation. We 
suggest you don’ttry to check the fit out 
before final assembly, because once on, 
they’re not easy to get off again! 

A 4mm banana socket is mounted in 
the centre of one end cap to provide the 
probe’s ‘hot’ input, the idea being that 
whichever probe tip (or very short clip 
lead) you use plugs into the socket via 
a standard 4mm banana plug. 

As we mentioned earlier, a short 
length of brass rod makes an excellent 
probe tip — we made ours froma piece of 
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e’s a shot of the completed PC board, immediately prior to fitting it to the 


input socket on the front end cap, soldering on the DMM connecting leads and 
ground clip lead, and finally covering it with 30mm dia. heatshrink tubing 


brazing rod about 50mm long (certainly 
not critical) with a point filed one end 
and soldered to a banana plug to mate 
with the banana socket. 

A cable gland is mounted in the 
centre of the other end cap to provide 
an exit for the probe’s output leads and 
its ground return input lead. 


Board assembly 

Wiring up the probe board is not dif- 
ficult, but it is a little tedious because 
of the large number of resistors to be 
fitted. The easiest part is fitting the four 
PC board terminal pins used to make 
the off-board connections — one at the 
input end to mate with the solder lug 
at the rear of the banana socket, and the 
other three at the output end to provide 
the cable connections. 

Note that the single pin at the input 
end should be fitted from the copper 
side, with its ‘top end’ cut off flush 
when you have soldered it to the cop- 
per pad underneath — see Fig.3. 

Once the pins have been fitted, you 
can proceed with installing the fixed 
resistors. They’re fitted in the stand- 
ard way, with the leads bent down at 
90° quite close to the resistor body so 
that when they pass through the board 
holes, the resistor is lying flat on the 
top of the board. 


The leads are then soldered care- 
fully to the pads underneath, with 
just enough solder used to produce 
a nicely rounded joint. The excess 
leads are then cut off with sharp side 
cutters as close as possible to the 
joints, so that no sharp wire ends or 
‘points’ are left. 

This is quite important, because any 
sharp points on conductors carrying 
high voltage tend to concentrate the 
surrounding electric field and cause 
ionisation of the air — producing a 
‘corona’ discharge. 

The only other thing to watch when 
youre fitting the resistors is to fit the 
820k and 30k@ resistors down at the 
output end of the board, as shown in 
the overlay diagram (Fig.2). 

You might want to fit these first, to 
make sure they’re in the correct posi- 
tions. Then, you can fit the remaining 
80 resistors, happy in the knowledge 
that they are all of the same value. 

With all of the fixed resistors in- 
stalled, the only remaining step is to 
fit trimpot VR1 and your probe’s PC 
board assembly will be complete. It can 
then be put aside while you prepare the 
probe’s tube and end caps, and then 
assemble the whole thing. 


Here we have removed the end cap 


for clarity, but normally the cap (with input socket) 

would be in place before the heatshrink is applied. With the 
heatshrink, the completed PC board is a snug fit inside the conduit. 
Inset top left is the ‘probe’ in its banana plug, here with optional crocodile clip connector. 
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INPUT 
PROBE TIP 
PLUGS 
INTO 
SOCKET 


—<«——— END CAP 


43mm ID PVC 


Constructional 


43mm ID PVC 


END CAP —__._ 


250mm LENGTH OF 


43mm OD, 39mm |B —— 


PVC CONDUIT 


GROUND RETURN 


>)  — ALUGATOR CUP 


NYLON CABLE 
TIE BINDING 
ALL THREE LEADS 


GROUND RETURN LEAD —_— 


Fig.3: this shows how the completed project goes together. The only thing not shown here (again, for clarity) is the heatshrink 
tubing over the PC board. This provides extra electrical insulation 


Final assembly 

Final assembly also involves calibra- 
tion. This could be done now that the 
PC board is complete, but it’s better to 
wait until the unit is partly assembled 
(and therefore partly insulated) as it 
involves high voltages. 

First cut your length of 43mm OD 
PVC-U conduit to 250mm long. If nec- 
essary, square off each end with a flat 
file, using it to remove any burrs as well. 

Next, drill the holes in the centre of 
each end cap to receive the ‘hot input’ 
banana socket and the output cable 
gland. These both need round holes 
of around 9mm diameter, but the exact 
diameter will depend on the particular 
components you use — and the holes 
shouldn’t be any larger than is neces- 
sary to receive them. 

So, it’s probably best to drill a 5mm 
(approx) hole in each cap first, and 
then use a tapered reamer to enlarge it 
carefully until the socket or gland will 
just pass through. Then remove any 
burrs as before. 

Mount the input banana socket 
securely in its end cap, using one of 
the two nuts supplied to fasten it in 
position. Next, fit the solder lug and 
the second nut, tightening this up so 
that the lug is securely attached to the 
back of the socket. Then bend the lug 
over against the side of the second nut. 
This will bring it into position where 
its end hole will be as near as possible 
to the input terminal pin on the end 
of the divider probe’s PC board, when 
assembled. The bent lug will also help 
to hold the nut in position. 

Now slide the PC board into the 
end cap so that the solder lug on the 
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banana socket and the PC board input 
pin can mate. This is a little tricky, but 
if you keep the solder lug and PC board 
parallel to each other, you should have 
success. 

Once the pin does pass through the 
hole in the solder lug, you can solder 
the two together carefully to make the 
connection permanent. 

Make sure that you apply enough 
solder to form a strong and nicely 
rounded joint — also take care not 
to burn the side of the PVC end cap 
with the barrel of the soldering iron. 
Your end cap and PC board assembly 
should now look very much like the 
photo below right. 


Putting it together 

Loosely fit the cable gland to the other 
end cap and pass the bare ends of the 
three exterior wires (ie, the two leads 
which go to the DMM and the ground 
lead) through the gland from outside to 
inside. Pull these three wires through 
as far as they will go so that the DMM 
plugs and ground clip lead are against 
the cable gland. 

If necessary, cut the 30mm diameter 
heatshrink tubing to length (~230mm, 
give or take) and either cut or drill 
a pot access hole. We placed a 
scrap of timber inside the heat- 
shrink and drilleda6mm hole, , 
right in the centre and 10mm 
down from the end. N ; 

Pass the three external wires ; 
right through the heatshrink, ~ 
from the pot access-hole end, all 
the way along the wires (you want 
to keep the heatshrink away from 
the heat of soldering in the next step). 


Similarly, pass the three external 
wires through the PVC-U pipe and slide 
the pipe up the wire. Don’t push the 
end cap onto the pipe, at least not yet! 

Now solder the three external wires 
to their appropriate positions on the PC 
board, as shown on overlay Fig.2. Fit a 
small nylon cable tie around the three 
wires to keep them together, but not 
so close to the PC board that it causes 
undue strain on the wires. 

The final step before calibration is 
to slide the heatshrink back down the 
three wires and all the way onto the 
PC board, locating the pot access hole 
over the pot and then shrinking the 
heatshrink onto the PC board. A hot air 
gun is best, but a hair drier on a high 
heat setting will work — it just takes a 
bit longer. 


Calibration 

Before completing the probe, now is 
the time to adjust trimpot VR1 for a 
division ratio of exactly 1000:1 — in 
other words, calibration. 


Looking into the end 
cap, showing how 
the input socket 
solder lug 
connects 
to the PC 
board 
pin. 
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Ideally, you’ll need a convenient source of stable 
medium-high voltage to do this (say 750V to 950V DC). 

If you don’t have such a source, your best plan would 
be to simply set VR1 to around the middle of its range, 
using one of your DMM’s resistance ranges to do this. 
Simply connect the DMM leads directly across VR1, 
and turn its adjustment screw with a small screwdriver 
until you get a reading of close to 25kQ. This should 
give your probe a division ratio within about 3% of the 
correct figure. 

If you do have a source of stable high voltage, calibrat- 
ing the probe is quite simple. You just need to be extra 
careful, because high voltage can ‘bite’! 

Having a banana socket with removable tip also makes 
it easier (and safer) to connect to your high voltage, as 
exposed metal is kept to a minimum. 

You'll also need to connect the board’s ground return 
lead pin (at the output end of the board) to the nega- 
tive side of your high voltage source securely, before 
you start. 

Measure and note down the voltage using your DMM 
directly, set to its top DC voltage range. Remove the DMM 
leads from the DC voltage source and connect instead 
the output leads from the probe board. 

Then connect the probe’s input socket to the positive 
side of the high voltage source, and you should be able 
to read the probe’s output voltage on the DMM. It should 
be very close to 1/1000th of the first reading and all you 
now have to do is adjust VR1 with a small screwdriver 
until it becomes as close as possible. 

To end this procedure, disconnect the probe tip 
from the positive side of the high voltage source, 
then disconnect the temporary ground return lead 
from the negative side and finally disconnect it from 
the ground lead pin in the rear of the probe PC board. 
Your EHT Stick should now be calibrated, and ready 
for final assembly. 

Give everything the once-over again, just in case — 
remember that once the end caps go on, they’re rather 
difficult to get off again! 

In fact, it’s a good idea to loosely place the end caps as 
you follow the next steps and then make some trial meas- 
urements, just to make sure everything is still working. 


It’s complete! 

Slide the pipe back down the wires and over the 
heatshrink-covered PC board. It’s a snug fit but it 
does go in. 

Place the front end cap onto the pipe and slide the 
other end cap right back down the wires to the cable tie. 

Leaving a small amount of slack inside the pipe, tighten 
the cable gland and then push the rear end cap loosely 
onto the pipe. 

If your test measurements look satisfactory, push both 
end caps hard onto the pipe. No screws (or glue) are 
necessary to hold the caps in place — they won’t come 
off by themselves! EPE 


Reproduced by arrangement 
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Technology 


PicoScope® Range 
PC OSCILLOSCOPES 


PicoScope 2100 Series 


SS 


j 1 Channel 
10 to 25 MHz Bandwidth 


agg 


50 to 100 MS/s Sampling 


8 bits Resolution 
(12 bits enhanced) 


8 or 24 kS Buffer memory 


Price from £125 $206 €151 


PicoScope 2200 Series 


2 Channel + AWG 
10 to 200 MHz Bandwidth 
100 MS/s to 1 GS/s Sampling 


8 bits Resolution 
(12 bits enhanced) 


8 to 40 kS Buffer memory 
Price from £159 $262 €192 


PicoScope 2205 MSO 


2 Analogue, 16 Digital 


+ AWG Channels 

25 MHz Bandwidth | 

200 MS/s Sampling a 
8 bits Resolution 


48 kS Buffer memory 
Price from £349 $658 €483 


PicoScope 3200 Series 


60 to 200 MHz Bandwidth 
500 MS/s Sampling 


8 bits Resolution 
(12 bits enhanced) 


4 or 128 MS Buffer memory 
Price from £399 $658 €483 


2 + External trigger and AWG 


PicoScope 4000 Series 


2 or 4 Channels 
20 to 100 MHz Bandwidth 
80 to 250 MS/s Sampling 


12 bits Resolution 
(16 bits enhanced) 


32 MS Buffer memory 
Price from £499 $823 €604 


PicoScope 4262 Series 


2 External trigger + Low 
distortion AWG Channels 


5 MHz Bandwidth 
10 MS/s Sampling 


16 bits Resolution 


16 MS Buffer memory 
Price from £749 $1235 €906 


High end features as standard: 
Advanced digital triggers, Persistence display modes, 
Mask limit testing, Serial decoding 


YEAR WARRANTY 
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HE Digital Audio Signal Generator 

is built on two PC boards: a main 
board and a control/display board. 
Construction can begin with the as- 
sembly of the main PC board. There 
are two versions, one to suit the Jaycar 
case (Fig.10) and the other to suit the 
Altronics case (Fig.11). The Jaycar 
main board is coded 838 (Jay) while 
the Altronics board is coded 838 (Alt). 
These boards, together with the con- 
trol/display board, are available from 
the EPE PCB Service as a pair. You do 
need to specify which Main PC board 
you require; according to which type 
of case you shall be using — ie, Jaycar 
HB-218 or Altronics H-0330 (see text). 
Before starting, examine the copper 
side of the PC board for any defects. 
It’s also a good idea to place it inside 
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Last month, we described 
how the S/PDIF Digital 
Audio Signal Generator 

works. This month, 

we describe how to 
assemble the PC boards, 
mount them in the case 
and check that they are 

working correctly. 


By NICHOLAS VINEN 


the case, up against the end, in order 
to check that it fits properly. Verify 
that the mounting holes line up with 
the posts in the base of the enclosure. 


Main board assembly 

Once you are satisfied that it will fit, 
start the main board assembly by in- 
stalling the seven wire links. You can 
use OQ resistors for the shorter links 
and 0.71mm tinned copper wire for 
the longer ones (or you can use tinned 
copper wire for the lot). 

Next, install the 0.25W resistors. It’s 
best to check the value of each with a 
DMM before installation, as the colour 
codes can be hard to read. 

Follow these with the four diodes 
(D1 to D4) and Zener diode ZD1. Pay 
careful attention to the orientation 


of these parts. You will have to bend 
the leads of the 1N5819s close to their 
bodies for them to fit. 

The five IC sockets can now be 
installed. Be sure to line the notches/ 
indent dot up with those shown on 
the overlay. Solder two diagonally 
opposite pins on each IC holder, then 
check that they are sitting flat on the 
PC board before soldering the rest. 

Crystals X1 and X2 are next on the 
list. Be careful not to get them mixed 
up. The markings on their cases should 
match the corresponding frequency 
values on the PC board overlay — 
Fig.10/Fig.11. 

Once these are in place, you can 
install the 10Q 1W resistor (see panel). 
If you install it, you can only use 
rechargeable cells or the plugpack to 
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power the device — you cannot use 
alkaline or other non-rechargeable bat- 
teries. If you do want to use alkaline 
batteries (or the plugpack), then leave 
this resistor out. 

Since the physical size of this resis- 
tor can vary, you will need to make 
sure that it doesn’t interfere with the 
battery connector. If necessary, install 
it slightly proud of the PC board so 
that it sits above the adjacent 1N5819 
diode (D2). 

Next, the two TO-220 voltage regula- 
tors (REG1 and REG2) can be installed; 
take care not to get them mixed up. 
In each case, bend the leads down 
through 90° about 5mm from the body 
using a pair of needle-nose pliers. That 
done, mount the device on the board, 
line up the metal tab mounting hole 
and secure it using an M3 x 6mm ma- 
chine screw, nut and star washer (the 
latter goes under the head of the bolt). 

Finally, solder the pins to their 
respective pads and trim away the 
excess. Do not solder the pins before 
you have bolted the devices down, 
otherwise you could crack the copper 
tracks as the screw is tightened. 

The next step is to install the IDC (in- 
sulation displacement connector) socket 
(CON4). It should be installed with its 
notched side towards the bottom (see 
Fig.10/Fig.11 layout diagrams). Solder 
pin 1 and pin 16 first, and make sure the 
socket is sitting flush against the board 
before soldering the rest. 


Installing the transistors 
Transistors Q1 to Q7 can now be fit- 
ted. These all come in TO-92 plastic 
packages, but there are three different 
types, so read the markings carefully. 

In some cases, the leads may be too 
close together to fit through the mount- 
ing holes. If so, use needle nose pliers 
to bend the two outer legs apart to 45°, 
close to where they emerge from the 
case, and then back parallel again fur- 
ther down, so that they will fit in place. 

The three polarised header connec- 
tors (CON1 to CON3) go in near the 
bottom edge of the board. Be sure to 
orient them as shown (Fig.10/11), and 
make sure they are sitting flat against 
the board before soldering their pins. 

Now fit the capacitors, starting with 
the MKT and ceramic types. These can 
go in either way around. Once these are 
all in, install the electrolytics. Their 
orientation does matter, so make sure 
they go in the right way around. 
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Fig.10: follow this diagram to build the main PC board for the Jaycar case. 
Make sure that all polarised parts are correctly oriented and install the 
10Q 1W resistor only if you intend using rechargeable cells (see panel). 


Be extra careful with the tantalum 
capacitor, which is also an electrolytic, 
but uses a different electrode material. 
It’s easily destroyed by reverse polar- 
ity. The only reliable way to check the 
orientation is to look for the ‘+’ sign 
printed on the epoxy case, above one 
of the legs. 

The main board assembly can now 
be completed by installing the 100uH 
inductor, the TOSLINK transmitter 


and the three RCA phono sockets. 
When mounting the TOSLINK trans- 
mitter, push its two plastic posts 
down through the holes in the board 
until they snap in, then check that 
it is sitting flat and parallel with the 
edge of the PC board before soldering 
its pins. 

Be sure to use a white RCA phono 
socket for the left analogue output, red 
for the right analogue output and black 


Choosing the trickle charge resistor 


As mentioned in Part 1, nickel metal hydride (NiMH) rechargeable cells can be used 
to power the unit and the circuit includes a 10Q 1W resistor to trickle charge them 
whenever the plugpack is connected. This resistor value is suitable for 2000mAh cells, 
and provides just under 100mA to the cells once they are fully charged 

This equates to a charge rate of C/20 for 2000mAh cells, although it will be appreci- 


ably higher than this when the cells are flat. 

If you use lower capacity cells, then you need to increase the value of the resistor 
accordingly. For example, 800mAh cells require a 27© 1W resistor, while 600mAh cells 
require a 33Q 1W resistor. 

Note that you should install this resistor only if you intend using NiMH or Nicad 
cells in the device. Do not install it if you intend using alkaline (or any other non- 
rechargeable) cells. 
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9-10V DC 
TOSUNK INPUT SOCKET 
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Fig.11: this is the alternative main board layout to suit the Altronics case. The circuit layout is 
almost identical to the Jaycar version, but the mounting holes and output sockets are in slightly 
different locations. The diagram at top right shows how to wire the DC socket (both versions). 
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4-Band Code (1%) 

brown black blue brown 
brown black yellow brown 
yellow violet orange brown 
orange orange orange brown 
brown orange orange brown 
brown brown orange brown 
brown black orange brown 
brown green red brown 
brown black red brown 
blue red brown brown 
green blue brown brown 
orange white brown brown 
red red brown brown 

red black brown brown 
brown grey brown brown 
brown green brown brown 
brown black brown brown 
brown black black brown 
green blue gold brown 
brown black gold gold 


Table 1: Resistor Colour Godes 


5-Band Code (1%) 

brown black black green brown 
brown black black orange brown 
yellow violet black red brown 
orange orange black red brown 
brown orange black red brown 
brown brown black red brown 
brown black black red brown 
brown green black brown brown 
brown black black brown brown 
blue red black black brown 
green blue black black brown 
orange white black black brown 
red red black black brown 

red black black black brown 
brown grey black black brown 
brown green black black brown 
brown black black black brown 
brown black black gold brown 
green blue black silver brown 
brown black black silver brown 
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for the S/PDIF output. You may have 
to press the sockets down hard into 
the board to get their plastic posts to 
sit properly. Note that they do not go 
all the way down through the board, 
but rather sit in the holes. 

Ensure that the phono socket bases are 
sitting parallel with the PC board before 
soldering them in place. It is best to 
check them from the perspective of the 
sides and end of the PC board, as they 
can be mounted askew in either plane. 

That completes the main PB board 
assembly, but leave the ICs out of their 
sockets for the time being. 


Building the control board 

The component layout for the control 
PC board is shown in Fig.12. Start as- 
sembly by installing the seven 1N4148 
small signal diodes (D5 to D11). They 
all face in the same direction. That 
done, install the IDC socket (CON 9) 
with the orientation shown, then in- 
stall the 5.6Q resistor and the single 
100nF MKT capacitor. 

The way in which the LCD module 
is mounted depends on which case 
you are using. Don’t remove the protec- 
tive plastic from the top of the LCD yet. 
(1) Jaycar case: if you are using the 
Jaycar case, begin by fitting M3 x 6mm 
machine screws through the holes on 
the control board (ie, either side of 
the LCD position), with the head on 
the copper side. Next, thread an M3 
nut onto each screw until it is tight 
and screw an M3 x 9mm tapped nylon 
spacer down on top. 

The LCD module connects to the 

PC board via male and female 16- 
pin headers. For the time being, just 
loosely insert the long pins of the male 
header into the female header. 
(2) Altronics case: for the Altronics case, 
first fit an M3 x 6mm screw through the 
holes on either side of the LCD position 
(head on the copper side), then screw 
on an M3 x 9mm nylon spacer (ie, no 
nut). That done, use a pair of pliers to 
pull the pins out of the plastic spacer of 
the male pin header. These must then 
be fully inserted, one at a time, into the 
holes of the female header. 

When you are finished, you can 
discard the leftover plastic spacer. 


Mounting the LCD 

You are now ready to mount the LCD 
module. Begin by placing the female 
header’s pins into the row of 16 holes 
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This is the view inside the Jaycar case after the main board, power switch (top 
right), DC socket (top left) and cell holders have been installed. The cell holders 


are connected in series. 


on the PC board, then sit the LCD on 
top. The upwards-facing pins should 
fit into the corresponding row of holes 
on the LCD board. You then secure the 
LCD module using M3 x 6mm machine 
screws, which go through the LCD 
module and into the nylon spacers. 

It’s now just a matter of soldering 
the pins on the underside of the con- 
trol board and on the top of the LCD 
module. There are 32 in all, so don’t 
miss any and be careful to avoid shorts 
between them. 


Pushbutton switches 
Now that the LCD is in position, it’s 
time to install the seven tactile switch 
buttons. Their bases are rectangular, so 
you can’t install them the wrong way. 
To install each switch, first insert its 
angled pins through the board holes and 
push it down so that it sits flat against 
the PC board. Check that the switch 
shaft is as close to vertical as possible, 
then solder all four pins. Be careful that 
the buttons don’t move when you turn 
the assembly over to solder them. 
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ALTRONICS 


Fig.12: follow this parts layout diagram and the photo at left to build the control 
board. Note that the mounting arrangements for the LCD depend on the case you 
will be using -— see text. 


Completing the control board 
Having fitted the switches, the control 
board can be completed by fitting its 
mounting screws and spacers. 

Begin by inserting an M3 x 15mm 
machine screw through each of the 
four corner mounting holes (with the 
head on the copper side), then thread 
an M3 x 9mm tapped nylon spacer 
over each screw and tighten it down. 
When that’s done, each screw should 
protrude about 4mm beyond its spacer. 

The next step depends on the case 
you are using. If you have the Jaycar 
case, simply screw an M3 x 12mm 
nylon spacer down over each exposed 
screw. Alternatively, for the Altronics 
case, fit two M3 star washers over each 
screw, then screw down another M3 
x 9mm tapped nylon spacer on top. 

When you have finished this step, 
the spacer ends should be slightly 
above the level of the LCD. You can 
now remove the protective plastic 
coating from the LCD, and place the 
control board to one side while you 
run some basic tests. 


Testing the main board 

It’s a good idea to test the main board 
before going any further. You can ei- 
ther use a bench power supply (set at 
9.5V, with a current limit of 150mA) 
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ora 7.5V to 10V DC plugpack with an 
ammeter in series. 

If you are going to use an unregu- 
lated plugpack, 7.5V may be the best 
choice because it will deliver a higher 
voltage due to the relatively light load 
— probably at least 9V. Check with a 
voltmeter if you are unsure. If the no- 
load voltage output is above 9V and 
the current rating is at least 500mA, 
then it should be fine. 

Place a shorting link (or ‘jumper’) 
across the switch pin header (without 
it, the circuit will not turn on). Also, 
make sure none of the ICs are installed 
in their sockets. 

Next, apply power via the external 
DC header (CON1) — not the battery 
header —and observe the current read- 
ing. It should be less than 10mA. 

If that checks out, measure the 
voltage at the output of each TO-220 
regulator using your DMM. In each 
case, place the black probe on pin 2 
or the tab, and the red probe on pin 
3. You should get readings of 6.8V + 
10% for REG1 and 3.3V +5% for REG2. 

If any reading is wrong, switch off 
immediately and check that all parts 
have been installed correctly. 

Now measure the voltage between 
pin 6 and pin 4 of the socket for IC1 
(MC34063). It should be close to 5.0V. 


If it is below 4.7V or above 5.2V, then 
check the voltage across Zener ZD1. 

Because low-voltage Zener diodes 
have arelatively high impedance, you 
will find it is well below its rated volt- 
age of 5.1V. We want it to be around 
4.3V. If yours does not read between 
4.0V and 4.5V, then that will be the 
reason for IC1’s voltage reading being 
out of range. In that case, you will need 
to try a different Zener diode with a 
different voltage rating, or try one from 
a different manufacturer. 

The most likely types to be suitable 
are 4.7V and 5.1V Zeners, but unfor- 
tunately there is no easy way to tell 
without measuring it. 

Once the supply voltage is within 
the acceptable range, turn the power 
off and install IC1 (MC34063), ensur- 
ing its orientation matches the socket. 
If you are using a bench supply, set it 
to 7.0V, reapply power and again check 
that the current is less than 10mA. 

Now measure the voltage between 
pin 8 and pin 4 of IC5’s socket. It 
should be 5.0V + 5%. If not, there is a 
problem with the MC34063 IC or the 
surrounding components. 

Turn the power off again and install 
IC4 (dsPIC33). Make sure it has been 
programmed with the appropriate 
software, and that it is installed with 
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This is the view inside the prototype 
using the Jaycar case. The main 
board mounts in the base, while 

the control/disply board is installed 
on the lid; the two boards are 
interconnected via a ribbon cable 
and IDC connectors. The photo 
below right shows the digital and 
analogue outputs at the top of the 


the correct orientation. Also, install 
the three remaining ICs — IC2, IC3 
and IC5. Don’t get the 74HC04 and 
74HC393 ICs mixed up — they have 
the same number of pins. 

Reapply power and check that the 
current is below 150mA. In fact, it 
should be close to 100mA. If you 
have a frequency counter, measure 
the frequency at pin 6 and pin 8 of IC3 
(74HC393) relative to pin 7 (ground). 
Pin 6 should read 705.6kHz and pin 8 
should read 1.536MHz. If not, check 
the crystal oscillators and the circuitry 
surrounding IC3 for mistakes. 

If the pin 6 reading is correct, but 
the pin 8 reading is not, there could be 
a problem with IC4’s (dsPIC33) oscil- 
lator circuit. Check its power supply. 


Testing the outputs 

The next step is to test the analogue 
outputs. When powered up for the first 
time, both channels should output a 
full scale (1V RMS) 1kHz sinewave 
after a couple of seconds. 

You can test them by connecting 
them to an oscilloscope or to an au- 
dio amplifier. If you use an amplifier, 
make sure its volume is turned well 
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down before applying power to the 
signal generator. If they do not work 
properly, check the circuitry around 
IC5 (LMC6482). 

To test the digital outputs (S/PDIF 
and TOSLINK), connect them to a DAC 
or to an amplifier with digital inputs, 
again being careful with the volume. If 
neither output works, the dsPIC33 may 
not be programmed correctly, or it may 
not be functioning due to incorrect parts 
placement or an incorrect power supply. 


Testing the control board 

Now that the main board is working, 
it is time to connect the control board. 
First, you will need to make up an 
interconnecting ribbon cable. One 
option is to use an IDC crimping tool 
(such as the Jaycar TH1941 or Altron- 
ics T1540), but if you do not have one, 
a vice can do the job of squeezing the 
two sections together. 

One 16-pin IDC connector should 
be attached to each end of the ribbon 
cable, on opposite sides and with the 
plastic tabs facing out from the middle, 
as shown in Fig.13. 

Don’t forget to feed the cable 
through the top of the connector first 


before looping it around to the blades 
below. 

Once you have made the cable, it’s 
a good idea to plug it into both boards 
and use a DMM set to continuity mode 
to check that all the corresponding 
pins on the two PC boards are elec- 
trically connected. If you haven’t 
crimped the cable with sufficient force, 
some of the blades may not pierce the 
insulation properly and those wires 
will read as open circuit. 

Ifany lines are open circuit, you will 
need to crimp the connectors harder, 
or make up a new cable. 


Switch-on 

Once you are sure that the cable is 
OK, leave it connected to both boards 
and reapply power. If you are using a 
bench supply, you should increase the 
current limit setting to 300mA, as the 
LCD backlight will draw additional 
current. 

As soon as power is applied, the LCD 
backlight should turn on and some text 
should be visible. The current should 
be in the range 120mA to 150mA. Ini- 
tially, the display contrast will probably 
be too high, that’s because we’ve erred 
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Fig.13: here’s how to make up the IDC header cable that connects the two PC boards. Be sure to orient the header 
sockets exactly as shown. You should also leave about 15mm free at each end so that the cable can be looped back 


and clamped with the locking bar. 


on the side of caution to cater for any 
variations between the panels. 

If you don’t see anything on the 
display, check the cable continuity 
again, as well as the components and 
solder joints on the control board. It’s 
also worth checking the components 
in the contrast control circuitry on the 
main board (ie, the circuitry associated 
with transistor Q5). Ifall the hardware 
seems OK, then you may have a faulty 
microcontroller or LCD module. 

Once it is working, try pressing the 
‘Up’, ‘Down’ and ‘Select’ buttons and 
check that the display changes each 
time you do. Now turn the power off 
and then on again, and try the ‘Left’ 
and ‘Right’ buttons. You should see a 
cursor appear on the display that you 
can move around. 

Finally, press the ‘Left Mute’ and 
‘Right Mute’ buttons, and check that 
the display changes when you do. If 
your boards pass all these tests, they 
are working properly. 


Adjustments and calibration 
There are a few tweaks that have to 
be made before the unit is installed in 
its case. However, be extra careful not 
to let the bottom of the control board 
short against the main board while 
you do this. 

First, you should adjust the LCD 
contrast to its optimum setting. To 
do this, turn the unit off and then 
on again, then press the following 
sequence of buttons: Select, Up, Up, 
Left. The display will show the current 
brightness and contrast settings, and 
you can now use the Up and Down 
buttons to adjust the contrast. 

Once you have found a good setting, 
press Select, Up, Right. The display 
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will now read ‘3.3V Cal.: 3.300V’. 
When it does, carefully measure the 
output of the 3.3V regulator (REG2) — 
ie, black probe on pin 2 or the tab, and 
the red probe on pin 3. 

Once you have taken the reading, 
use the Left/Right buttons to move 
the cursor and the Up/Down buttons 
to change the digits on the display 
until it is as close as possible to the 
measured voltage. 

Finally, press: Select, Down, Down, 
Left, Up. The display should read 
‘Saved’, indicating that the settings 
have been saved to the dsPIC33’s Flash 
memory. 

Performing this calibration routine 
maximises the accuracy of the micro- 
controller’s ADC readings, as they are 
measured relative to the 3.3V supply 
voltage. Once calibration is complete, 
remove the shorting jumper from the 
switch header. 


Preparing the case 

The main PC board is designed to fit 
into a sealed polycarbonate enclosure 
with a transparent lid — either the Jay- 
car HB-6218 (171 x 121 x 55mm) or the 
Altronics H-0330 (186 x 146 x 75mm) 

In each case, the transparent lid 
saves you the effort of having to cut 
a neat rectangular hole for the LCD to 
be visible. These polycarbonate enclo- 
sures are also quite sturdy. 

The main board mounts on posts 
which are moulded into the bottom 
of the box. It is necessary to drill or 
cut holes for the outputs (three for the 
RCA sockets and one for the TOSLINK 
transmitter), a hole for the power 
switch and one for the DC connector. 

If you are building the project froma 
kit, then it’s likely that the case will be 


supplied pre-drilled. If not, then you 
will have to drill the holes yourself. 

Fig.14 shows the drilling details for 
the Jaycar case and this can be photo- 
copied and used as a drilling template. 

Once the template is in place, it is 
a good idea to temporarily place the 
main board inside the box and check 
that the sockets line up correctly with 
the indicated hole positions. When 
you are sure it is correct, remove the 
PC board and drill a small pilot hole in 
the centre of each RCA phono socket 
position. Also drill asmall hole inside 
each corner of the TOSLINK connector 
outline (make sure that these do not 
go outside its outline). 

By the way, there is a simple way to 
accurately drill holes in the plastic. At 
each location where you want to drill a 
hole, press the sharp point of a hobby 
knife there and rotate it several times, 
until you have made a small divot in the 
plastic. This will guide the drill bit and 
prevent if from slipping. Even if you are 
using a drill press, this simple technique 
will help to initially guide the bit. 

Having drilled the pilot holes, re- 
move the template and place the PC 
board back inside the box. Slide it up 
against the pilot holes and check that 
they are correctly aligned. You can do 
this by inserting a piece of wire into 
each hole and checking that it passes 
through the centre of the correspond- 
ing socket. 

If any holes are misaligned, then 
now is the time to correct the situation. 

When they are correctly lined up, 
use a stepped drill bit or a series of 
increasingly larger bits to enlarge the 
phono socket holes. A tapered reamer 
can then be used to get the size just 
right (about 10mm). 
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Making the cutout 

The rectangular cutout for the 
TOSLINK transmitter is made by first 
drilling a series of small holes around 
the inside perimeter, using the four 
corner holes you drilled earlier as a 
guide. It’s then just a matter of knock- 
ing out the centre piece and filing the 
job to a smooth finish. 

During this process, you can test 
fit the PC board to determine which 
sides need further filing. Continue this 
process until the connector is a neat fit. 

Note that because of the thick- 
ness of the box, we’ve had to put the 
TOSLINK connector closer to the edge 
of the PC board than it is supposed 
to be. This means that the wider rear 
portion has to fit through the cut-out 
too. So, ifit looks like it should fit but 
it won’t go all the way in, it is prob- 
ably the larger rear portion which is 
getting stuck. 

When you are finished, the PC board 
should slide right up against the end 
of the case and the mounting holes 
on the board should line up with the 
posts. The TOSLINK transmitter face 
should sit flush (or nearly so) with the 
outside wall of the case. 


Power switch and socket 
Before finally installing the main 
board, you also have to drill the holes 
for the power switch and DC socket. 
The recommended switch type is a 
20mm round rocker type, but you can 
use a different type if you like (eg, a 
sub-miniature toggle switch, as used 
in our second prototype). 

The main thing to keep in mind is that 
the internal portion of the switch needs 
to clear the main PC board and its com- (BOX UD) 
ponents. In the Jaycar case, that’s done 
by mounting the switch on the side, 
between the PC board mounting holes. ALL DIMENSIONS IN MILLIMETRES oe a Sea oe atl ie) Po 

The DC power socket is mounted on i i j : 
the side opposite to the power switch 
(see photos). 

Once you have marked their posi- f 1 
tions, remove the PC board and drill — i= OS 
two pilot holes. That done, enlarge 
the holes to the correct sizes using a 
tapered reamer — 20mm for the rocker 
switch and 7.5mm for the DC socket. 

If you use the same switch we did, l 
it will also be necessary to file a small : : ; (UPPER END OF BOX| 
notch in the top of the mounting hole. e 
This is because the switch has a tab to 
stop it rotating. It doesn’t take long to 
file away enough material and when 


Fig.14: this diagram shows the drilling details for the Jaycar case. The diagram 
can be photocopied and attached to the case and used as a drilling template. 
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into the Altronics Case. 


you are finished, the switch should 
snap into the panel. 

Alternatively, for the Altronics case, 
the switch and DC socket are mounted 
on the end panel, on either side of the 
output sockets. — see photo on page 27. 


Installing the main board 
It is now time to slide the main PC 
board into place and secure it using 
four M3 x 6mm machine screws. If 
necessary, temporarily remove the 
power switch to do this, then reinstall 
it once the board is bolted down. 

With the Jaycar case, two of the posts 
are pre-tapped with metal inserts, but 
the other two are not tapped at all. It 
takes a large driver and a great deal of 
force to force an M3 machine screw 
into these untapped posts (as we did), 
so you may prefer to use two small 
self-tapping screws instead. 

The Altronics case comes with 
four self-tapping screws to suit its 
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f i 
This second prototy ye of the Digital Audio Signal Generator has been built 


untapped posts. We’ve provided extra 
holes in the PC board for the additional 
posts even though four are enough to 


hold the board rigidly in place. 


Drilling the lid 

Fig.14 also shows the drilling details 
for the transparent lid (Jaycar version). 
There are 11 holes in all — four to 
mount the control board and seven for 
the pushbutton switches. The mount- 
ing holes (marked ‘A’) are all 3mm in 
diameter, while the switch holes (‘B’) 
are 8mm diameter. 

As before, you should first attach the 
template and then use a sharp scriber 
or hobby knife to mark the centre of 
each hole. The template can then be 
removed and small pilot holes (say 
1.5mm) drilled. It’s then just a matter 
of enlarging the mounting holes to 
3mm, while the switch holes should 
be carefully enlarged to 8mm using a 
series of slightly larger drill bits. 


If you prefer, you can use M3 x 
10mm countersunk screws to attach 
the control board to the lid. If so, you 
will need to countersink the mount- 
ing holes. Alternatively, you can use 
ordinary pan-head bolts. 


Installing the control board 

To install the control board, first press 
a button cap down over the end of each 
switch shaft. Make sure that they are all 
firmly attached, although full engage- 
mentis easiest once the board is in place. 

You should also attach the ribbon 
cable to the control board at this point, 
since it’s almost impossible to do it once 
the board is bolted to the lid. Leave the 
other end unplugged for now. 

Once that’s done, it’s just a matter 
of fitting the control board into place 
and securing it using four M3 x 10mm 
machine screws. Note that it may be 
necessary to slightly loosen the mount- 
ing spacers on the board to get them 
to line up with the mounting holes. 
They can then be re-tightened once the 
mounting screws are installed. 

When the board is secured in place, 
press down firmly on each button cap to 
ensure itis fully engaged with its switch 
shaft. When that is done, they should 
protrude through the lid by 1mm or so. 


Battery holder 

The signal generator is designed to run 
froma plugpack or from four 1.5V cells, 
typically alkaline or NiMH. We used 
ultra-low self-discharge NiMH cells in 
our prototypes, so that they don’t go flat 
if the device is not used for some time. 

Note that if you elect to use alkaline 
cells, then the 1W charging resistor 
must not be installed on the main PC 
board (see panel). 

Unfortunately, side-by-side 4 x AA- 
cell holders are not easy to obtain, 
although 4 x AAA-cell holders are 
common. Of course, you can use AAA 
cells, but battery life will be less than 
half that of AAs. 

The best approach is to use a pair 
of side-by-side double AA-cell holders 
wired in series. These can be secured 
to the base of the box using two strips 
of double-sided tape each, or they can 
be secured using countersink screws. 

It’s best to attach the leads before 
installing the holders. Attach ared wire 
to the positive terminal and a black 
wire to the negative terminal. If you 
are joining multiple holders in series, 
do that now. 
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Once everything is in place, connect 
the leads from the holders to the main PC 
board, as shown in the photographs. If 
you are using the 2-pin polarised headers, 
it’s best to crimp and then lightly solder 
the wires to the connector pins before 
pushing them into the plastic block. 

There is slightly more room for the 
battery holder in the Altronics box, 
so we used a 4 x AA holder with an 
integrated switch and lid. We did not 
install the lid because it would com- 
plicate access to the batteries should 
they require removal. 

Note that because the switch is on 
the opposite side to the lid, it was 
necessary to use thicker foam-cored 
double-sided tape to attach it. The 
holder has integrated leads, so it is 
only necessary to attach them to the 
header connector before plugging it in. 


Wiring the DC socket 

We have specified a 2.1mm DC socket 
because this is the most common type 
for plugpacks. However, a 2.5mm type 
is also available if that’s what your 
plugpack’s connector requires. 

The polarity of a DC connector isn’t 
always obvious, so it’s best to check 
the plugpack itself using a DMM. To 
do this, connect the plugpack to the 
mains and then place the DMM’s red 
probe into the hole on the connector 
and touch the black probe to the outer 
metal ring. If you get a positive voltage, 
then your plugpack is centre (tip) posi- 
tive; otherwise, it is centre negative. 

For a centre-positive plugpack, 
connect the leads to the DC socket as 
shown on Fig.11, ie, red lead to the 
centre pin’s solder tab and the black 
lead to the adjacent tab. Conversely, 
for a centre-negative plugpack, reverse 
the red and black wires. 

Once you’ve soldered the leads to 
the DC socket, the free ends can be 
terminated in another 2-pin polarised 
header. Be sure to make the leads long 
enough to reach CON1. 


Power switch 

Almost any type of on/off switch can 
be used. The recommended switch is 
an SPST type, but it doesn’t matter if 
itis DPST or DPDT. Note that because 
the switch goes after the 7805 regula- 
tor on the main board, a small amount 
of power (at least 3mA) will be drawn 
from the plugpack, even if the genera- 
tor is switched off. This is so that the 
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battery can trickle charge if you are not 
using the unit. 

If your switch has spade terminals, 
crimp two 4.8mm female spade con- 
nectors on to appropriate lengths of 
wire and then attach the other ends 
to the remaining polarised header 
connector (it doesn’t matter which 
way around they go). The spade con- 
nectors can then be fitted to the switch 
terminals and the connector plugged 
into the main board. 

If the switch has solder tabs instead 
of spade terminals, just solder the 
leads directly to it. 


Finishing it 
Now for the final steps. First, ensure 
that the power switch is off, then install 
the battery cells. That done, plug the 
ribbon cable into the main board and 
fasten down the lid of the case. 

Because the switch header connec- 
tor on the main board only just clears 
the underside of the 
control board, you may 
need to fold the ribbon 
cable slightly to the left, 
so that it doesn’t get 
sandwiched between 
them. If it does, the lid 
won't sit properly and 
screwing it down could 
bend the board. 

Also, check that there 
is no uninsulated cop- 
per where the leads exit 
the polarised header 
connectors. If there is, 
it could short to the 
underside of the control 


PC board. If there is some exposed wire, 
you will need to insulate it with electri- 
cal tape or heatshrink tubing. 

Finally, it’s a good idea to use the 
neoprene seal provided with the case, 
even though it is no longer water-tight 
thanks to the various holes. However, 
the seal will help keep the lid on tight. 

That’s it— construction is complete. 
Switch the unit on and make sure it 
works as expected. If not, remove the 
lid, unplug the ribbon cable from the 
main board, and check that the cells 
have been installed correctly and that 
the power switch is wired correctly. 


That’s all we have space for this 
month. In Part 3, we will explain how 
to use the various modes and describe 
the various features in detail. 


Reproduced by arrangement 
with SILICON CHIP 
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www.siliconchip.com.au 


C-Bus Shop 
C-Bus and 
C-Bus Wireless 


www.cbus-shop.com 


Laser Business Systems Ltd 
Tet: +44 (0) 20 8441 9788 
Fax: +44 (0) 20 8449 0430 
tmail; com 


infoOlaser 
16 Garthland Drive, ENS 388 


27 


Cheaper Than 
Chips 


Up to now, the chief raw material of modern electronics has been silicon, which is neither in 
short supply nor desperately expensive. Nevertheless, imagine for a moment what difference a 
cheaper substitute for silicon might bring about - Mark speculates, so just read on. 


ILICON, the eighth most widely 

occurring element on earth, is 

at the core of most electronic 
circuitry. Although widespread, it very 
seldom occurs as a pure free element, 
but this is not a major problem, since 
for most commercial purposes it is 
used without being separated. 

Its widest use is in the construction 
industries, and the amount of very 
highly purified silicon that ends up in 
semiconductor electronics is less than 
ten per cent of the total usage. However, 
its widespread use in _ integrated 
circuits, essential to most computers 
and consumer electronics, also in 
optical fibres, means that a great deal 
of modern technology and connectivity 
depends on silicon to a critical degree. 


Gut reaction 

Now comes news that a far cheaper 
material has been found for making 
logic gates, and no, it’s not an April 


Fools’ joke. 
Scientists at London’s Imperial 
College have successfully demon- 


strated that they can build some of the 
basic components for digital devices 
out of human material, which could 
pave the way for a new generation 
of biological computing devices. 
The researchers have demonstrated 
that they can build logic gates, the 
fundamental building blocks on which 
our entire digital age is based, for 
processing information in devices such 
as computers and microprocessors, out 
of harmless gut bacteria and DNA. 

‘Without logic gates, we could not 
process digital information,’ says 
Imperial’s Prof. Richard Kitney. ‘We 
hope that our work will lead to a new 
generation of biological processors, 
whose applications in information 
processing could be as important as 
their electronic equivalents.’ 


Bioprocessors 
Although it’s still a long way off, the 
team suggests that these biological 
logic gates could one day form the 
building blocks in microscopic 
biological computers. Devices may 
include sensors that swim inside 
arteries, detecting the build up of 
harmful plaque and rapidly delivering 
medications to the affected zone. 
Other applications might include 
sensors that detect and destroy cancer 
cells inside the body, and pollution 
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monitors that can be deployed in 
the environment, detecting and 
neutralising dangerous toxins such as 
arsenic. 

The advantage of these biological 
logic gates over previous attempts is 
that they behave like their electronic 
counterparts, say the researchers. 
The new biological gates are also 
modular, which means that they can 
be cascaded to make different types of 
logic gates, paving the way for more 
complex biological processors to be 
built. 


Circuit bugs 

So how do these biological logic gates 
work? In one experimental set-up, 
biological logic gates replicate the 
way that electronic logic gates process 
information by either switching ‘on’ 
or ‘off’. The scientists constructed a 
type of logic gate called an AND gate 
from bacteria called Escherichia coli 
(E. Coli), which is normally found in 
the lower intestine. The team altered 
the E. Coli with modified DNA, which 
reprogrammed it to perform the same 
switching on and off process as its 
electronic equivalent when stimulated 
by chemicals. 

These gates are modular too. The 
researchers have shown that the biological 
logic gates can be connected together to 
form more complex components, in a 
similar way that electronic components 
are integrated into composite chips. In 
another experiment, the researchers 
created a NOT gate, and combined it 
with the AND gate to produce the more 
complex NAND gate. 

The next stage of the research will see 
the team trying to develop more complex 
circuitry that comprises multiple logic 
gates. One of the challenges faced by the 
team is finding a way to link multiple 
biological logic gates together, similar to 
the way in which electronic logic gates 
are linked together to enable complex 
processing to be carried out. 

In support of this, Prof. Martin 
Buck, who was also involved with this 
research, argues that the next stage of 
their research could lead to a totally 
new type of circuitry for processing 
information. ‘In the future, we may see 
complex biological circuitry processing 
information using chemicals, much in 
the same way that our body uses them 
to process and store information,’ he 
said. 


Of course, making connections 
to biological components is not 
like soldering onto stripboard. In 
bioelectronic circuits, the measured 
output is the nature of the electrical 
conductivity that is observed in 


the bioelectronic computer, which 
comprises specifically designed 
biomolecules that conduct electric 


current in highly specific manners 
based upon the initial conditions that 
serve as the input of the bioelectronic 
system. 


Grow your own gates 

Could common bacteria, preferably 
grown outside the body, replace 
silicon, making digital components 
truly cheaper than chips? It’s hard to 
tell, because the capabilities of these 
fledgling biocomputers are minute in 
comparison to commercially available 
non-bio computers. On the other 
hand, the potential exists in the most 
powerful, complex computational 
machine known to currently exist—the 
biocomputer that is the human brain. 

Ahmad Khalil and James Collins, 
two scientists from Boston, Mass. (US), 
are optimistic, stating that synthetic 
biology is bringing together engineers 
and biologists to design and build novel 
biomolecular components, networks 
and pathways, and to use these 
constructs to rewire and reprogram 
organisms. 

‘These re-engineered organisms will 
change our lives over the coming years, 
leading to cheaper drugs, ‘green’ means 
to fuel our cars, and targeted therapies 
for attacking superbugs and diseases, 
such as cancer,’ they proclaim. Their 
paper on synthetic biology discusses 
topics as varied as_ biosensing, 
biomaterials, biosynthetic pathways 
and riboswitches in a level that I, for 
one, cannot hope to comprehend, but 
you can read it all at: www.ncbi.nlm. 
nih.gov/pmc/articles/PMC2896386 
There is a clear pictorial chart of these 
processes at: www.bu.edu/abl/files/ 
nrg_poster.pdf 

Not all technology innovations come 
to fruition of course; a few years ago I 
reported here how scientists at Oxford 
University had managed to use fungal 
enzymes to create a hydrogen fuel cell 
that could run a digital watch. Sadly, 
the trail for these button cells went 
cold in 2008. Rest assured I shall be 
monitoring developments in this field. 
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CAPACITOR —s gas 
LEAKAGE 
ADAPTOR 
FOR DMMs 


By JIM ROWE 
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100;.4 RANGE 
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Here’s a cut-down version of the Digital Capacitor Leakage Meter we described 
in November 2011. Instead of using a PIC microcontroller and an LCD panel to 
display the leakage current, this version connects to your DMM to provide the 
readout. It provides the same range of seven different standard test voltages 
(from 10V to 100V) and can measure leakage currents down to 100 nanoamps! 
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HY would you need to measure capacitor leakage 
Were In case you missed the November 2011 

article, here’s a summary of the introduction we 
provided there. 

In theory, capacitors are not supposed to conduct direct 
current — apart from a small amount when a DC voltage is 
first applied to them and they have to ‘charge up’. 

With most practical capacitors, using materials like 
ceramic, glass, polyester or polystyrene — even waxed pa- 
per — as their insulating dielectric, the only time they do 
conduct any DC is during charging. That’s assuming they 
haven’t been damaged, either physically or electrically. In 
that case they may well conduct DC as a steady ‘leakage 
current’, showing that they are faulty. 

But as many EPE readers will be aware, things are not 
this clear cut with electrolytic capacitors, whether they are 
aluminium or tantalum. All brand new electrolytic capaci- 
tors conduct a small but measurable DC current, even after 
they have been connected to a DC source for sufficient 
time to allow their dielectric oxide layer to ‘form’. In other 
words, all electrolytic capacitors have a significant leakage 
current, even when they are ‘good’. 

The range of acceptable leakage current tends to be pro- 
portional to both the capacitance and the capacitor’s rated 
voltage. Have a look at the figures given in the Leakage Cur- 
rent Guide opposite. The current levels listed there are the 
maximum allowable before the capacitor is regarded as faulty. 

So, an instrument capable of measuring the leakage 
current of capacitors can be very handy in many areas of 
electronics. 

Commercially available capacitor leakage current me- 
ters are expensive (ie, over £500) and even the Capacitor 
Leakage Meter we described in the November 2011 issue 
will probably cost you over £50 to build. That’s why we've 
developed a cut-down version described in this article, 
which lets you make all of the same measurements with 
your existing digital multimeter (DMM). 

The Adaptor is easy to build and will have a much lower 
cost than the November 2011 meter, while still providing 
the same choice of seven different standard test voltages: 
10V, 16V, 25V, 35V, 50V, 63V or 100V. It is also able to make 
current measurements from 10mA down to a fraction of a 
microamp. So it’s capable of making leakage current tests 
on the vast majority of capacitors in current use. 

It’s built into a compact UB1-size jiffy box, and is battery 
powered (6 x AA alkaline cells). This makes it suitable for 
the workbench or the service technician’s tool kit. 


How it works 


The Capacitor Leakage Adaptor’s operation is straightfor- 
ward, as you can see from the block diagram of Fig.1. There 


CAP UNDER TEST 


(IC2) 


Fig.1: block diagram of the adaptor shows it has two elements: a selectable 
DC voltage source and a simple current-to-voltage converter. 
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CAPACITOR LEAKAGE CURRENT GUIDE 


TYPE OF Maximum leakage current in microamps (A) at rated working voltage 


CAPACTTOR 


eae ee BE ZERO Ey 
aaa ALL OF THESE TYPES ele 
6.5 


Ceramic, 
Polystyrene, 
Metallised 
Film (MKT, 
Greencap 


Standard 
Aluminium 
Electrolytic# 
eaicne 
600 | 730 
1300 | 1560 
1500 | 1900 
4700pF 3300 | 4110 


* Figures for Solid Tantalum capacitors are after a charging period of one minute. 
# Figures for Aluminium Electrolytics are after a charging/reforming period of three minutes. 


are two functional circuit sections, one is a selectable DC 
voltage source (on the left) which generates one of seven 
different preset voltages when the TEST button is pressed 
and held down. 

The second section is a simple current-to-voltage con- 
verter (on the right) which is used to generate a voltage 
proportional to the direct current passed by the capacitor 
under test, so that it can be measured easily using your 
DMM. 

Any direct current passed by the capacitor being tested 
flows down to ground via resistor R2, which therefore 
acts as a current shunt. The voltage drop across R2 is then 
passed through an output buffer, which feeds your DMM. 
The DMM is set to its OV to 2V DC voltage range, which 
allows its readings to be easily converted into equivalent 
current levels. 

So that’s the basic arrangement. The reason for resistor 
R1, in series with the output of the test voltage source, 
is to limit the maximum current that 
can be drawn from the source, in any 
circumstances. This prevents damage to 
either the voltage source or the current- 
to-voltage converter sections, in the 
event of the capacitor under test having 
an internal short circuit. It also protects 
R2 and the output buffer from overload 
when a capacitor (especially one of high 
value) is initially charging up to one of 
the higher test voltages. 
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Resistor R1 has a value of 10k, which was chosen to 
limit the maximum charging and/or short-circuit current 
to 9.9mA, even on the highest test voltage range (100V). 

At this stage, you may be wondering how the adaptor 
can allow your DMM to read leakage currents down to less 
than a microamp, when it also has to cope with charging 
currents of up to 9.9mA. The answer is that the current-to- 
voltage converter section of the adaptor actually has two 
current ranges, which are selected by switching the value 
of shunt resistor R2. 

The default value of R2 is 100, which provides a 0 to 
10mA range for the capacitor’s charging phase (ie, when TEST 
button S2 is first pressed). But when (and if) the measured 
current level falls below 100uA, pushbutton S4 can be pressed 
to switch the value of R2 to 10k, providing a 0 to 100uA 
range for a more accurate low leakage current measurement. 


Circuit description 

Take a look at the full circuit diagram for the Capacitor 
Leakage Adaptor, see Fig.2. The selectable DC voltage 
source is based around IC1, an MC34063 DC/DC controller 
IC, used here in a ‘boost’ configuration in conjunction with 
autotransformer T1 and fast switching diode D2. 


POWER D3 1N 4004 


(6xAA ALKALINE) 
— 


I 


T ov BATTERY 
1 


D2 UF 4003 
A ovk 


D1: 1N4148 


We vary the circuit’s DC output voltage by varying the ratio 
of the voltage divider in the converter’s feedback loop, con- 
necting from the cathode (K) of D2 back to IC1’s pin 5 (where 
the voltage is compared with an internal 1.25V reference). 

The 270k resistor forms the top arm of the feedback 
divider, while the 36kQ and 2.4kQ resistors from pin 5 to 
ground form the fixed component of the lower arm. These 
give the divider an initial division ratio of 308.4kQ/38.4kQ 
or 8.031:1, to produce a regulated output voltage of 10.04V. 
This is the converter’s output voltage when selector switch 
S1 is in the ‘10V’ position. 

When S11 is switched to any of the other positions, ad- 
ditional resistors are connected in parallel with the lower 
arm of the feedback divider, to increase its division ratio 
and hence increase the converter’s output voltage. 

For example, when S1 is in the 25V position, this connects 
the 270Q, 8.2kQ, 5.1kQ, 2.0kQ, 200Q, 2.4kQ, 150Q and 3.6kQ 
resistors (all in series) in parallel with the divider’s lower 
arm, changing the division ratio to 283.954kQ/13.954kQ or 
20.35:1. This produces a regulated output voltage of 25.44V. 

The same kind of change occurs in the other positions 
of switch S1, producing the various preset output voltages 
shown. 


s4 
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68k 
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470Q 


1N 4004, UF4003 


2702 
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CAPACITOR LEAKAGE ADAPTOR FOR DMMS 


Fig.2: here’s the complete circuit diagram for the Adaptor. At the beginning of each test it 
measures on its 10mA range, but if the current drops below 100A it can switch to a 100uA range. 
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(Although the test voltages shown 


are nominal, with the specified 1% Specification 
tolerance resistors used for the divider 
resistors, they should all be well within | Test voltages .......... 10V, 16V, 25V, 35V, SOV, 63V or 100V 


+4% of the nominal values because the | Leakage current 
1.25V reference inside the MC34063 is 
accurate to within 2%.) 

Note that IC1 only generates the se- 
lected test voltage when test pushbutton 
switch S2 is pressed and held down. 
This is because IC1 only receives power 
from the battery when S2 is closed, al- 
lowing the converter circuit to operate 
and thus charge the 2.2uF/250V met- 
allised polyester reservoir capacitor. 


B 
JACKS 
+ (TODMM) 


~® ov BATTERY 
j@ (UNDER) 


3 
+ 
S= S/S 


oan OH] 
$3 , 


+ 
es TEST 
TERMINALS 
Fig.3: with the exception of the test terminals, DMM output 
jacks and three of the switches, all components mount on 
one PC board. 
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from 10mA down to less than 100nA (0.1A), via two ranges: 
0 to 10mA (default) and 0 to 100A (manually selected). 


Both ranges convert these current values into an output 
voltage range of 0 to 1000mV DC, allowing all measurements 
to be made on the DMM’s 0 to 1V or 0 to 2V range. 


The adaptor’s default 10mA range is current limited to 
provide protection from damage due to shorted capacitors, 
or the charging current pulse of high-value capacitors. 


Internal 9V battery (6 x AA alkaline cells). 


Varies between 1mA and 125mA, depending on the test 
voltage and the current range in use. 


Here’s a photograph which matches the diagram at left. In 
this case, the terminals and the two pushbutton switches 
are not shown on the board because they mount on the 
front panel and connect to the PC board via short lengths of 
tinned copper wire (one of the last steps in assembly). 
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NEGATIVE TEST TERMINAL 
(POSITIVE TERMINAL 


ow BEHIND IT) 
—- 


LED2 
BEHIND $4 


TRANSFORMER T1 POTCORE 
HELD TO PC BOARD USING 
25mm x M3 NYLON SCREW 
WITH NUT & FLAT WASHERS 


BEHIND S1 


NEGATIVE OUTPUT JACK 
$3 BEHIND S2 (POSITIVE JACK PC BOARD MOUNTED 
—- rig BEHIND LID USING 
4x 25mm M3 
LED1 TAPPED SPACERS 


6xAA CELL HOLDER 
(CUT DOWN FROM 
10xAA HOLDER) 
MOUNTED IN 
BOTTOM OF BOX 
USING DOUBLE- 
SIDED TAPE 


Fig.4: a side-on view ‘through’ the wall of the UB1-size box, showing how everything goes together. The 6xAA cell holder 
must be mounted at one end, as shown here, to avoid fouling the screw holding the transformer to the PC board. 


The test voltage is then made available at the positive test 
terminal via the 10kQ current limiting resistor, R1. 


Current-to-Voltage converter 

Now let us look at the current-to-voltage converter section, 
which is virtually all of the circuitry below and to the right 
of the negative test terminal. 

The 1002, 1MQ and 10kQ resistors, connected between 
the negative test terminal and ground, correspond to the 
current shunt labelled R2 in Fig.1, with the contacts of reed 
relay RLY1 used to change the effective shunt resistance for 
the adaptor’s two ranges. For the default 0 to 10mA ‘charg- 
ing phase’ range, RLY1 is energised and connects a short 
circuit across the parallel 1MQ/10kQ combination, making 
the effective shunt resistance 100Q. For the more sensitive 
100uA range, RLY1 is turned off, opening its contacts and 
connecting the parallel 1MQ/10k® resistors in series with 
the 100Q resistor to produce an effective shunt resistance 
of 10k. 

Relay RLY1 is turned on or off by transistor Q1. When 
power is first switched on via switch S3, Q1 is switched 
on by forward bias current applied to its base (B) via the 
68kQ resistor to ground. It therefore conducts about 10mA 
of collector current, which energises RLY1 and also causes 
LED2 to light — indicating that the adaptor is operating in 
the 10mA current range. But ifthe capacitor’s current read- 
ing (on the DMM) drops down to below 100A, pressing 
pushbutton switch S4 and holding it down causes Q1 to 
switch off. As aresult, LED2 and RLY1 both turn off as well, 
switching the adaptor to its 0 to 100wA range. 

The 100uF low leakage capacitor, in parallel with the 
shunt, routes any AC signal from the capacitor being tested 
around the shunt. This prevents ripple from the switch- 
mode supply from corrupting the reading. 

Regardless of which current range is in use, the voltage 
drop developed across the shunt resistance (as a result of 
any current passed by the capacitor under test) is passed 
to the non-inverting input of IC2a, one half of an LM358 
dual op amp. IC2a is configured as a voltage follower with 
a voltage gain of unity, feeding the positive output terminal 
of the adaptor via a 470 isolating resistor. 
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So what is the purpose of IC2b? It is connected as a voltage 
follower in much the same way as IC2a, except that its non- 
inverting (+) input is connected directly to ground, and its 
outputis used to drive the negative output terminal. Its purpose 
is to balance out most of the input offset of IC2a, so that the 
adaptor’s effective output voltage, when there is no current 
flowing through the test terminals, is much less than 1mV. 

All of the adaptor’s circuitry operates directly from the 
9V battery, via polarity protection diode D3 and, of course, 
S3. The total current drain when in ‘standby’ (ie, with TEST 
button S2 not pressed) is about 11mA in the default 10mA 
current range, or 1mA if S4 is pressed to switch it into the 
100uA range. The current level increases to between 25mA 
and 125mA when S2 is pressed and held down to generate 
the test voltage and perform the actual leakage current test. 


Construction 

Virtually all of the components used in the Capacitor Leak- 
age Adaptor are mounted on a single PC board measuring 
145mm x 84mm. This board is available from the EPE PCB 
Service, code 842. The board is mounted under the lid (which 
becomes the adaptor’s front panel) of a UB1-size plastic box 
(157mm x 95mm x 53mm) via four 25mm-long M3 tapped 
spacers. Six AA alkaline cells provide power, mounted in 
a cut-down 10-cell holder secured to the bottom of the box. 

Both the voltage selector switch (S1) and the DC/DC con- 
verter’s step-up transformer (T1), wound on a 26mm ferrite 
pot core, mount on the board, the latter using a 25mm-long 
M3 nylon screw and nut. 

The only components not mounted directly on the PC 
board are power switch S3, pushbutton switches S2 and 
S4, the two test terminals and the two output banana jacks. 
These are all mounted on the box front panel, with their 
rear connection lugs extended down via short lengths of 
tinned copper wire to make their connections to the board. 
All of these assembly details should be fairly clear from the 
diagrams and photos. 


Board assembly 


The printed circuit board component layout is shown in 
Fig.3, together with a board photograph. To begin fitting 


Everyday Practical Electronics, April 2012 


the components on the PC board, it is suggested you fit 
the wire link, located just to the right of IC2 and above 
the position for rotary switch S1. Next, fit the four 1mm 
terminal pins to the board — two for the test point at lower 
left and two at upper left for the battery clip lead connec- 
tions. Follow these with the sockets for IC1 and IC2, which 
are both 8-pin devices. 

Now fit the fixed resistors. These are 1% tolerance metal 
film components, apart from the 1.0Q resistor just above 
the connecting leads of T1 and below IC1. This 12 resistor 
should be a 0.5W carbon composition type. Check each re- 
sistor’s value with a digital multimeter (DMM) as you insert 
and solder them, to ensure they all go in the right places. 

Next, you can fit the two lower-value capacitors and the 
large 2.2uF metallised polyester capacitor, followed by the 
two polarised electrolytic capacitors — see Fig.3 for their 
orientation. Now fit the mini DIL relay, making sure its 
locating groove is as shown in Fig.3. 


Voltage selector switch 

You can now fit voltage selector rotary switch S1, which 
mounts with its indexing spigot at 12 o’clock (Fig.3). Just 
before you fit it, you should cut its spindle to a length of 
about 13mm and file off any burrs, so it’s ready to accept 
the knob during final assembly. 

After it has been fitted to the board, remove its main nut/ 
lock washer combination, and turn the spindle by hand to 
make sure it’s at the fully anticlockwise limit. Then refit 
the lock washer, making sure that its stop pin goes down 
into the hole between the moulded ‘7’ and ‘8’ digits. Check 
that the switch is now ‘programmed’ for the correct seven 
positions, simply by clicking through them by hand. 

With S1 fitted, you can add the four diodes. Don’t mix 
them up: D1 is a low power 1N4148 ‘signal’ diode, D2 is a 
UF4003 ‘fast’ rectifier, D3 is a 1N4004 1A power diode and 
ZD1 is a 10V/1W Zener. Use the component layout diagram 
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(Fig.3) as a guide to their orientation when you're fitting 
each one to the board. 

Next, fit transistor Q1, followed by the two 5mm LEDs. 
The red one is used as LED1 and the green one as LED2. 
They are both mounted vertically with their leads left at 
almost full length, so that the lower surface of their bodies 
is about 23mm above the surface of the board. Note that 
the shorter lead, next to the flat on the body, is the cathode 
(K). This allows them to just protrude through the match- 
ing holes in the lid/front panel when the assembled board 
is attached behind it. 

At this stage, your board assembly is very close to com- 
plete, with the main task remaining being to wind trans- 
former T1 and fit it to the board. You'll find the full details 
on how to do this in the separate ‘Winding’ panel. 

Once the transformer has been fitted to the board, you 
can attach the four 25mm M3 tapped spacers to it as well. 
These each attach very close to each corner of the board, 
using 6mm long M3 screws passing up from the underside 
— see Fig.4 and photographs. 

Now all that remains to complete the board assembly is 
to plug IC1 and IC2 into their sockets. Place it aside while 
you prepare the case to receive it. 


Preparing the case 

There are no holes to be drilled in the lower part of the case 
(the battery holder can be held securely in place using strips 
of ‘industrial’ double-sided adhesive foam tape), but the lid 
does need to have holes drilled for the various switches, 
LEDs and input/output connectors. 

The location and dimensions ofall these holes are shown 
in the diagram of Fig.5, which is actual size, so it (or a pho- 
tocopy) can also be used as a drilling template. The larger 
holes are easily made by drilling them all first with a 7mm 
twist drill and then carefully enlarging them to size using 
a tapered reamer. 


ALL 
alia ian 


MILLIMETRES 
HOLE 
DIAMETERS: 
A: 3.0mm 
B: 5.0mm 


—— | 7—$<—<—=| Fig.5: a 1:1 
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drilling 
template for 
the front 
panel of the 
specified 
UB1-size box. 
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Parts List - Capacitor 
Leakage DMM Adaptor 


PC board, code 842, available 
from the EPE PCB Service, size 
145mm x 84mm 
UB1-size plastic box, 158mm x 
95mm x 53mm 
1 Single-pole rotary switch, 
PC mounting (S1) 
2 SPST mini pushbutton switch 
(S2, S4) 
1 SPDT mini toggle switch, 
panel mounting (S3) 
1 Mini DIL reed relay, SPST 
with 5V coil (RLY1) 
2 Premium binding posts, 
1 x red and 1 x black 
2 4mm banana jack sockets, 
1 x red and 1 x black 
1 16mm diameter fluted instrument 
knob 
1 Ferrite pot core pair, 26mm OD 
1 Bobbin to suit pot core 
1 3m length of 0.5mm diameter 
enamelled copper wire 
1 25mm M3 nylon screw and nut 
and two flat washers 
8-pin DIL IC sockets 
1mm dia. PC board terminal pins 
25mm long M3 tapped spacers 
6mm long M3 machine screws, 
pan head 
10x AA battery holder (flat, side 
by side) — see text 


Semiconductors 

1 MC34063 DC/DC converter 
controller (IC1) 

LM358 dual op amp (IC2) 
BC327 PNP switching transistor (Q1) 
10V 1W Zener diode (ZD1) 
5mm red LED (LED1) 

5mm green LED (LED2) 
1N4148 100mA diode (D1) 
UF4003 fast 1A diode (D2) 
1N4004 1A diode (D3) 


apacitors 
470uF 16V PC elect 
100uF 16V low leakage elect 
2.2uF 250V (or 100V) 
metallised polyester 
100nF multilayer monolithic 
ceramic 

1 820pF disc ceramic 


Resistors (0.25W 1% unless specified) 


— 


— 


op BPD 


i 


]a220 242244444 


— 


1 1MQ 1 270kQ2 1 68kQ 
1 36kQ 1 33kQ 2 1002 
2 10kQ 1 8.2kQ 1 5.1kQ 
1 3.6kQ 2 2.4kQ 1 2.2kQ 
1 2.0kQ 2 1kQ 2 4702 
1 2700 1 2000 1 1500 
{ 


1.0Q 0.50 carbon (5%) 


36 


‘Opened out’ view showing the PC board ‘hanging’ from the front panel. 


We have prepared an artwork for 
the front panel if you would like to 
make it look neat and professional. 
This can be photocopied (Fig.6), the 
resulting copy can either be covered 
with self-adhesive clear film or, better 
still, laminated, for protection against 
(finger) grease before it is glued to the 
lid/front panel. 

Mount switches S2, S3 and S4 on the 
panel, followed by the binding posts, 
used as the meter’s test terminals, and 
the banana sockets, used for the output 
connections to your DMM. 

Tighten the binding post and banana 
socket mounting nuts firmly, to make 
sure that they cannot come loose with 
use. Then use the second nut of each 
post and socket to attach a 4mm solder 
tag, plus a 4mm lockwasher to make 
sure they don’t work loose either. 

You can now turn the lid assembly 
over and solder ‘extension wires’ to the 
connection tags of the three switches, 
and also the solder tags fitted to the 
rear of the binding posts and sockets. 
These wires should all be about 30mm 
long and cut from tinned copper wire 
(about 0.7mm diameter). 

The next step is to prepare the battery 
holder. Because you can’t buy a six-way 


flat AA holder (at least we couldn’t find 
one) we cut downa ten-way AA holder. 

The last three cell positions are re- 
moved altogether (at the ‘negative lead’ 
end) and then the eyelets are drilled out 
and used to attach the contact spring 
for the sixth cell position and also the 
contact spring and negative lead con- 
nection lug at the end of the removed 
section. 

This will allow you to re-attach the 
negative lead’s connection lug to the 
contact spring for the sixth cell using 
a 6mm-long M2 machine screw and 
nut. The seventh cell position is still 
retained to support the sixth cell con- 
nection spring and the negative lead 
connection lug. 

The converted battery holder can 
now be fitted inside the main section 
of the box at lower right, with the con- 
nection lead side uppermost. Mount it 
using double-sided adhesive foam as 
mentioned earlier, or simply a strip of 
‘gaffer’ tape. 


Final assembly 

You should now be ready for the only 
slightly fiddly part of the assembly 
operation: attaching the PC board as- 
sembly to the rear of the lid/front panel. 
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This is only fiddly because you have 
to line up all of the extension wires 
from switches S2, S3 and S4, the two 
test terminals and the output banana 
sockets with their matching holes in 
the PC board, as you bring the lid and 
board together. At the same time you 
have to line up the spindle of switch S1 
and the two LEDs with their matching 
holes in the front panel. 

This is actually easier to do than it 
sounds, so just take your time and the 
lid will soon be resting on the tops of 
the board mounting spacers. Then you 
can secure the two together using four 
6mm-long machine screws. 

Nowit’s simply a matter of turning the 
complete assembly over and soldering 
each of the switch and terminal exten- 
sion wires to their board copper pads. 
Once they are all soldered, you can clip 
off the excess wires with sidecutters. 

If you find this description a bit con- 
fusing, refer to the assembly diagram 
in Fig.4. This will hopefully make 
everything clear. 

Next, solder the bared end of the red 
(positive) battery holder lead to the posi- 
tive (+) battery terminal pin on the PC 
board, and the black (negative) battery 
holder lead to the negative pin alongside. 

You can now fit six AA alkaline cells 
into the battery holder (make sure you 
fit them with the correct polarity) and 
your new Capacitor Leakage Adaptor 
should be ready for its initial checkout. 


10MA RANGE 


Fig.6: 
same-size 
front panel 
artwork. 
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Initial checkout 

You'll need to use a twin test lead to 
connect the adaptor’s output to the 
input jacks of your DMM. The DMM 
should also be set to measure DC volt- 
age, and to its OV to 1V or OV to 2V 
range if it’s not auto-ranging. 

Switch on the adaptor’s power using 
S3 and the green Range LED2 should 
light — showing that the adaptor is 
operating, in standby mode and in the 
default 10mA current range. If you now 
press pushbutton switch S4, the range 
change button, LED2 should go dark. 
This shows that the range switching 
circuitry is operating. But your DMM 
should still be giving a ‘zero’ reading. 
At this point you can stop pressing S4. 

Next, try pressing test button S2. 
This should cause red Test Volts LED1 
to glow, indicating that power is now 
being applied to the test voltage genera- 
tion circuitry. If there is no capacitor or 
other component connected across the 
test terminals, your DMM should still 
be giving a reading of zero. 


DMM readings 

Assuming all has gone well at this 
point, your adaptor is probably work- 
ing correctly. 

However, if you want to make sure, 
try shorting the two test terminals. 
Then set S1 to the ‘100V’ position, and 
press Test button S2. The DMM reading 
should change to a value corresponding 


CAPACITOR LEAKAGE 


MEASURMENT ADAPTOR 


TEST VOLTS 


SELECT TES 
VOLTAGE 


to 9.9mA (ie, 990mV), representing the 
current drawn from the nominal 100V 
source by the 10k current-limiting 
resistor and the 1002 current shunt 
resistor inside the adaptor. 

Don’t worry if the current reading is 
a bit above or below the 9.9mA figure. 
As long as it’s between about 9.2mA 
(920mV) and 10.6mA (1.06V), things 
are OK. 

With the terminals still shorted to- 
gether, you can try repeating the same 
test for each of the other six test voltage 
positions of switch S1. 

You should get a reading on the DMM 
corresponding to approximately: 


6.25mA (625mV) on the 63V range 
4.95mA (495mV) on the 50V range 
3.46mA (346mV) on the 35V range 
2.48mA (248mV) on the 25V range 
1.58mA (158mV) on the 16V range 
990uA (99mV) on the 10V range. 


If the readings you get are close to 
these, your Capacitor Leakage Adaptor 
is working correctly. 

If this is the case, switch off the 
power again via S3 and then complete 
the final assembly by lowering the 
lid/PC board assembly into the case 
and securing the two together using 
the four small self-tapping screws 
supplied. Make sure you also remove 
the shorting wire between the test 
terminals. 
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Winding autotransformer T1 


The step-up autotransformer T1 has 
60 turns of wire in all, wound in four 
15-turn layers. As you can see from 
the assembly diagram at right, all 
four layers are wound on a small 
nylon bobbin using easily handled 
0.5mm-diameter enamelled copper 
wire. Use this diagram to help you 
wind the transformer correctly. 

Here’s the procedure: first wind 
on 15 turns, which you'll find will 
neatly take up the width of the bob- 
bin providing you wind them closely 
and evenly. Then to hold them down, 
cover this first layer with a 9mm-wide 
Strip of plastic insulating tape or 
‘gaffer’ tape. 

Next, take the wire at the end of 
this first layer outside of the bobbin 
(via one of the ‘slots’) and bend 
it around by 180° at a point about 
50mm from the end of the last turn. 
This doubled-up lead will be the 
transformer’s ‘tap’ connection. 

The remaining wire can then be 
used to wind the three further 15-turn 
layers, making sure that you wind 
them in the same direction as you 
wound the first layer. 

Each of these three further layers 
should be covered with another 9mm-wide 
strip of plastic insulating tape just as you 
did with the first layer, so that when all 
four layers have been wound and covered 
everything will be nicely held in place. 

The ‘finish’ end of the wire can then be 
brought out of the bobbin via one of the 
slots (on the same side as the start and 
tap leads) and your wound transformer 
bobbin should be ready to fit inside the 
two halves of the ferrite pot core. 

Just before you fit the bobbin inside the 
bottom half of the pot core, there’s a small 


Using it 
The Capacitor Leakage Adaptor is very 
easy to use, because all you have to 
do is connect the capacitor you want 
to test across the test terminals (with 
the correct polarity in the case of solid 
tantalums and electrolytics), after con- 
necting the adaptor’s output sockets to 
the input jacks of your DMM. 

Then turn on the DMM and set it to 
measure DC volts. 

Now set the adaptor’s selector switch 
S1 for the correct test voltage and turn on 
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UPPER SECTION 


“———___ OF FERRITE 


BOBBIN WITH 


of scissors to cut around the hole in a 
circle, with a diameter of 10mm. Your 
‘gap’ washer will then be ready to place 
inside the lower half of the pot core, over 
the centre hole. 
Once the gap washer is in position, 
you can lower the wound bobbin into 
the pot core around it, and then fit the 


LO be Pt OF O.Sam piA_ top half ofthe pot core. The transformer 


ENAMELLED COPPER 
WIRE, WITH TAP AT END 


OF FIRST LAYER & 
INSULATING TAPE 
BETWEEN LAYERS) 


FINISH 


TAP 
START 


=> 
__—_~ GAP" WASHER OF 0.06mm 


PLASTIC FILM 


LOWER SECTION 
OF FERRITE 
POT CORE 


(ASSEMBLY HELD TOGETHER & SECURED TO 


PC BOARD USING 25mm x M3 NYLON SCREW & NUT) 


plastic washer to prepare. This is to provide 
a thin magnetic ‘gap’ in the pot core when 
it's assembled, to prevent the pot core from 
saturating when it’s operating. 

The washer is very easy to cut from a 
piece of the thin clear plastic that’s used 
for packaging electronic components, like 
resistors and capacitors. 

This plastic is very close to 0.06mm thick, 
which is just what we need here. So the idea 
is to punch a 3mm to 4mm diameter hole 
in a piece of this plastic using a leather 
punch or similar, and then use a small pair 


the power (S3), whereupon LED2 should 
light. To begin the actual test, press and 
hold down Test button S2. 

What you may see first on the DMM 
is a reading of the capacitor’s charging 
current, which can be as muchas 9.9mA 
(with high value caps), but it will then 
drop back as charging continues. How 
quickly it drops back will depend on 
the capacitor’s value. 

With capacitors below about 4.7uF, the 
charging may be so fast that the first read- 
ing will often be less than 100uA (10mV). 


is now ready for mounting on the main 
PC board. 

First, place a nylon flat washer on the 
25mm-long M3 nylon screw that will be 
used to hold it down on the board. Then 

pass the screw down through the centre 
hole in the pot core halves, holding them 
(and the bobbin with gap washer inside) 
together with your fingers. 

Then lower the complete assembly 
down on the board, with the ‘leads’ 
positioned as shown in Fig.3, using the 
bottom end of the centre nylon screw to 
locate it in the correct position. When you 
are aware that the end of the screw has 
passed through the hole in the PC board, 
keep holding it all together, but up-end 
everything so you can apply the second 
M3 nylon flat washer and M3 nut to the 
end of the screw, tightening the nut so 
that the pot core is not only held together 
but also secured to the PC board. 

Once this has been done, all that 
remains as far as the transformer is 
concerned is to cut the start, tap and fin- 
ish leads to a suitable length; scrape the 
enamel off their ends so they can be tinned; 
and then pass the ends down through their 
matching holes in the board so that they 
can be soldered to the appropriate pads. 

Don’t forget to scrape, tin and solder 
BOTH wires which form the ‘tap’ lead - 
if they are not connected together, the 
transformer won’t produce any output. 


If the capacitor you're testing is of the 
type having a ‘no leakage’ dielectric (such 
as metallised polyester, glass, ceramic or 
polystyrene), the current should quickly 
drop down to less than 10wA (1mV). 

And if you press button S4 to switch 
down to the 100uA range, you should 
be able to see the DMM reading fall 
down to zero. That’s if the capacitor is 
not faulty, of course. 

On the other hand, if the capacitor 
is one with a tantalum or alumini- 
um oxide dielectric with inevitable 
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leakage, the current reading will drop 
more slowly as you keep holding down 
the Test button. 

In fact, it will probably take up to 
a minute to stabilise at a reasonably 
steady value in the case of a solid tan- 
talum capacitor, and as long as three 
minutes in the case of an aluminium 
electrolytic. 

(That’s because these capacitors 
generally take a few minutes to ‘reform’ 
and reach their rated capacitance level.) 

As you can see from the guide table 
earlier, the leakage currents for tanta- 
lum and aluminium electrolytics also 
never drop down to zero, but instead 
to a level of somewhere between about 
4.1mA and 1uwA, depending on both 
their capacitance value and their rated 
working voltage. 

So, with these capacitors, you 
should hold down the test button 
to see if the leakage current reading 
drops down to the ‘acceptable’, level 
as shown in the guide table, and pref- 
erably even lower. 

If this happens, then the capacitor 
can be judged ‘OK’, but if the current 
never drops to anywhere near this level 
it should definitely be replaced. 
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Low leakage 

What about low leakage (LL) electro- 
lytics? Well, the current levels shown 
in the guide table are basically those 
for standard electrolytics rather than 
for those rated as ‘low leakage’. 

So, when you're testing one which 
is rated as ‘low leakage’, you’ll need to 
make sure that its leakage current drops 
well below the maximum values shown 
in the guide table. Ideally, it should 
drop down to no more than about 25% 
of these current values. 

A final tip: when youre testing non- 
polarised (NP) or ‘bipolar’ electrolytics, 
these should be tested twice — once 
connected to the terminals one way 
around, and then again connected with 
the opposite polarity. 

That’s because these capacitors are 
essentially two polarised types, inter- 
nally connected in series, back-to-back. 
If one of the dielectric layers is leaky 
but the other is OK, this will only show 
up in one of the two tests. EPE 
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each binder after the initial £3.50 postage charge 
(overseas readers the postage is £6.00 each to 
everywhere except Australia and Papua New 
Guinea which costs £10.50 each). 
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113 Lynwood Drive, Merley, Wimborne, 
Dorset, BH21 1UU. 

Tel: 01202 880299. Fax: 01202 843233. 
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and card valid from and expiry date plus Maestro Issue No. and the security code on 


the back of the card with your order. 
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Need a small and 
cost-effective device? 


Look no further. 


PoScope Megai+ 


Smallest USB 2.0 portable 1MS/s oscilloscope 
Data acquisition of analog and digital signals 
Data recording 

Export to CSV, XLS, PDF and HTML 

Simple usage of advanced features 

Examples for C++, VB, Delphi and LabView 
Free software and updates 


PoKeys 56 


Smallest USB HID or ETHERNET I/O interface 
Keyboard and joystick simulator (USB) 

55 digital I/O (configurable) 

LCD and LED matrixes driver 

6 PWM outputs, 26 encoder inputs 
Supports up to 10 I2C, 1-Wire sensors, 

up to 7 analog sensors 

Expandable with PoNet 

Free software and web interface (Ethernet) 


Visit www.poscope.com 


Base 
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ME VINAUROIGRASS| 


The Web Server In a Box (WIB) project has been very popular and 
lots of them have been built. Here we collect a number of ‘frequently 
asked questions’ (FAQs) that may help anyone experiencing 
difficulties in building and setting up the WIB. We also provide the 
answers to some common technical questions and feature requests. 


Software releases 


T THE time of writing, the 
released firmware for the WIB 
includes versions between 5.30 and 
5.40. Most questions in this article 
relate to versions 5.30, 5.31 and 5.32. 
Version 5.40 is the latest and fixes 
two problems with earlier versions (see 
later). Ithas been made available to the 
kit suppliers and is also available for 


free download from the EPE website 
(www.epemag.com). Future batches of 
kits should contain the new firmware 
version (5.40) or later. 

This FAQ compilation refers to the 
original hardware of the WIB, which 
used the dsPIC33FJ64GP802 micro- 
controller. However, it is now pos- 
sible to use the dsPIC33FJ128GP802 


Common set-up questions and problems 


I have changed a setting in the 
OQeertingsx file using a text edi- 
tor, but the setting does not seem to 
have changed in the WIB. Why is that? 


This can be confusing at first, 

and is one of the most common 
traps that constructors can fall into. 
Basically, the settings are stored in 
binary form in the values.dat file. The 
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settings.txt file is only for the default 
values (if there is no values.dat file), 
as happens on the very first boot up. 

The WIB creates the values.dat 
file from the settings.txt file ifit does 
not exist. If it does exist, it uses the 
settings stored in the values.dat file. 

This scheme made the firmware 
simpler because changes to settings 
can be stored easily in binary form but 


chip as well. This device is pin-for- 
pin compatible, but has double the 
program memory. 

By using this new chip, it would 
now be possible to incorporate many 
new features, including an ethernet- 
based bootloader. This and other 
features will be considered for a 
future upgrade to the WIB. 


are more difficult to store in a human- 
readable file like the settings.txt file. 
However, the human-readable file is 
useful for setting up the default values. 

In order to change the settings to 
those in the settings.txt file, you need 
to first delete the values.dat file and 
then reboot the WIB. A new values. 
dat will then be created, with the set- 
tings taken from the settings.txt file. 
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This is done by clicking the ‘Restore 
Defaults’ button in the supplied de- 
fault website (ie, you don’t have to 
switch the WIB off and then on again 
in order to reboot it). 


There is a csettings.txt file in 
the supplied default website, 
as well as the default settings.txt 
file. What is the csettings.txt file for? 


The csettings.txt file is gener- 

ated by the WIB and should 
not be modified, as it has no effect 
on the settings of the WIB. The cset- 
tings.txt file is created by the WIB at 
runtime to store the current settings 
in a human-readable form. This is 
used in the ‘Create Defaults’ func- 
tion, where the csettings.txt file is 
copied to the settings.txt file. 


Should I retain the directory 

information when I unzip the 
contents of ewswebsite.zip to obtain 
the supplied website (available from 
the January 2012 downloads section 
of the EPE website)? 


No, the files should all be un- 

zipped into the root folder of 
the memory card, disregarding any 
original path information stored in 
the zip archive. 


There is a filenamed0711109A. 
hex in the supplied default web- 
site, what is this file for? 


This file contains the firmware 

image for the latest version of 
the WIB. It can be left on the memory 
card and will not affect the operation 
of the WIB, or it can be deleted. It 
is a small file, so it will not take up 
much space on the memory card. 
Note that if it is left on the memory 
card, it can then be accessed like 
other pages served by the WIB. 


Iam having trouble logging into 

the WIB with the username and 
password as set in the settings.txt 
file. Alternatively, some setting in 
the settings.txt file does not seem 
to be being parsed properly. Why 
is that? 


There could be a number of rea- 
sons for not being able to log on 
to the WIB using the username and 
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password, as stored in the settings. 
txt file. First, as explained earlier, 
the settings.txt file contains the de- 
fault values, not the actual values 
of the WIB. The actual settings are 
stored in binary form in a file called 
values.dat. 

If you wish to revert to the settings 
in the settings.txt file, you should 
delete the values.dat file and reboot 
the WIB as explained earlier. 

Additionally, when the WIB reads 
the values from the settings.txt file, 
it will only parse a line if it finds a 
newline at its end. So a setting may 
not be being parsed simply because 
there is no newline at the end of 
the line (this happened to a reader). 
Remember, every entry in the set- 
tings.txt file should be on a separate 
newline-terminated line. 

So, if you can’t log on with the 
username and password in the 
settings.txt file, it may be because 
the last line in the settings.txt file 
does not contain a newline. In the 
default settings.txt file supplied, the 
password setting is last. While the 
file supplied has a newline, if you 
change this line, the last line may 
no longer have a newline and so the 
password will not be set. 


The WIB seems to be working 

correctly, but it cannot send 
emails. There is an entry in the log. 
txt file with a hexadecimal error 
code. What does this mean? 


The hexadecimal error codes 

shown in the log.txt file relat- 
ing to sending emails are standard 
SMTP (simple mail transfer proto- 
col) error codes. These are returned 
by the SMTP server that the WIB is 
connecting to. The list of SMTP error 
codes can be found online. 

The ‘Email From’ may also need 
to be set if you are using your ISP’s 
SMTP server and are sending the 
email to a foreign email address, spe- 
cially to a Gmail or Hotmail address. 
If not set correctly, an additional 
error may occur because of some 
SMTP server anti-relaying rules to 
do with spam reduction. 

The relevant error is 0x0227 (Error 
551). We found this during testing 
with a particular (Australian) SMTP 
server, for example. Changing the 
‘Email From’ field may solve this 


problem. Remember the ‘Email 
From’ field is simply what is shown 
as the sender when you receive an 
email from the WIB, so it is not a 
crucial setting. 

Note that SMTP settings for ‘Email 
Server User’ and ‘Email Server Pass- 
word’ are only used if the SMTP 
server you are sending to requires 
authorisation. Most ISP SMTP serv- 
ers don’t require this (so you can 
send anonymous emails when you 
have an Internet account) but some 
do require authorisation. 

Ifthe Email User and Password set- 
tings are set, the WIB starts an SMTP 
session by trying to authenticate with 
the server. Ifthe SMTP server doesn’t 
require this, then it may terminate the 
SMTP connection before the email is 
sent, returning an 0x01F7 error (Error 
503), even if the username/password 
combination is correct. 

To avoid this problem, remove the 
two settings from the settings.txt file, 
delete the values.dat file and reboot 
the WIB. 


Can the microcontroller in the 

WIB be programmed using 
the simple dsPIC/PIC Programmer 
described in the May 2010 issue 
of EPE? If not, how can it be easily 
programmed? 


No, the dsPIC/PIC Programmer 

cannot program the dsPIC33- 
FJ64GP802 chip. The latter micro- 
controller was not available at the 
time the programmer was designed 
and so is not supported. Instead, it 
is best to use a programmer like the 
PICkit3 from Microchip, together 
with their free MPLAB software. 


When I try to log on to the WIB 

using its IP address from the 
address bar of my web browser, it 
loops continually without loading 
the home page. Why is that? 


When you type the IP address 

into a browser, without quali- 
fying any extra path information, 
it assumes, as default, that you are 
requesting the index.htm file. The 
index.htm file provided with the 
default website for the WIB uses 
the refresh metatag to redirect to the 
home page, which is the home.cgi 


page. 
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On some web browsers, or rather 
on some versions of those browsers, 
this has the effect of looping con- 
tinually without loading the page. 
Specifying the complete path (eg, 
192.168.0.34/home.cgi) rather than 
only the IP address should solve this 
problem. Alternatively, changing the 
contents of the index.htm page can 
solve the problem. 


Can you give an example of 

what values are needed for 
connecting a straight OV to 5V sen- 
sor to the analogue inputs of the 
WIB, rather than a 3.3V sensor, as 
described in the original article? 


You will need to connect your 

sensor to a voltage divider to 
bring its output within a OV to 3.3V 
range. This can be done by connect- 
ing a divider that divides by 5/3.3 = 
1.52 (eg, 10kQ and 20kQ). 

You will then need to calculate 
the correct values for your sensor 
and enter them in the gradient and 
Y-intercept fields in the variables.cgi 
page of the default website. 

The instructions to calculate these 
values are in the original articles. 


The LM317 voltage regulator used 

to derive the 3.3V rail for the WIB 
runs hot to the touch. Is this normal, 
and how can the heat be reduced? 


It is normal for the regulator 
to get hot and so the original 


USB support and file system storage 


Are there any plans to make 
the WIB work with an NTFS 
file system? 


No, there are no plans to make 
the WIB support file systems 
other than FAT. As NTFS is primari- 
ly a Windows file system, you would 
lose the portability that FAT offers. 
Note that you can read FAT with 
either a Windows or Linux PC and 
with a Mac. Also, there is little ap- 
preciable gain in performance in 
going from FAT to NTFS for the WIB 
project (there is for a PC though). 
FAT is perfectly adequate for the 
WIB (it is limited to 2TB, but there 
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design specifies a heatsink. The high- 
er the input voltage delivered by the 
plugpack the more heat that will be 
dissipated. To reduce the heat dissipa- 
tion, you should use a 6V plugpack. 


Can the WIB take digital inputs? 

Can the WIB send an email 
notification when a digital input 
changes? For example, can the WIB 
send an email notification when a 
reedswitch closes or opens? 


While nominally the WIB only 
accepts four analogue inputs, 
they can also be used to accept dig- 
ital inputs. If the digital input swings 
between OV and 3.3V, it is easy to set 
the minimum and maximum values at 
about the middle of this range. How- 
ever, the minimum should be below 
the maximum to allow for hysteresis. 
The WIB can then send emails 
when the state of the digital input 
changes. If using a reedswitch, you 
do the same but use a pull-up resis- 
tor to the 3.3V rail, or a pull-down 
resistor to OV. 

If the digital input is not within a 
OV to 3.3V range, you will have to 
implement some kind of level trans- 
lation. This can sometimes be easily 
achieved by using an open collector 
output and a pull-up resistor to the 
3.3V rail. 


Can the digital outputs of the 
WIB be pulsed for a predeter- 
mined amount of time? 


is not going to be an MMC/SD/SDHC 
memory card that can store 2TB any 
time soon!) It is true that there is also 
a single-file size limit with FAT that 
would be much less restrictive with 
a more up to date file system like 
NTFS. However, the limit is around 
4GB and we think this is more than 
adequate for the application. 

If you are going to serve a page of 
that size it will take a considerable 
amount of time using the WIB — it 
is a huge amount of data. 

There are also licencing issues with 
NTFS that are avoided witha FAT file 
system as used in the WIB (there are 
issues with FAT too). The FAT code 


Not with the current versions 
of the firmware, although this 
could easily be incorporated if 
sufficient program memory were 
available. You could have an extra 
variable (or four extra variables for 
independent control) to hold the 
pulse time in milliseconds, and new 
commands to pulse the outputs. 
These are easy additions to the 
firmware, but there is not enough 
program memory to make the modi- 
fication with the original hardware. 
It is certainly possible with the 
128KB version chip, and may be 
incorporated in a new design in the 
future. If readers really want this 
function, they could delete parts of 
the code to make room for it. 


Can the WIB be used with 

Windows-based FTP programs? 
In particular, can it be used with 
programs such as FileZilla? 


With versions of the firmware 
before 5.40, some FTP programs 
like FileZilla did not like the WIB’s 
response to the PWD command. This 
was fixed in firmware version 5.40 in 
response to a reader’s report. In any 
case, versions without this fix should 
still work with the recommended 
FTP command line Windows client, 
as explained in the original article. 
Note that the WIB is not guaran- 
teed to work with other FTP clients 
because it does not support the full 
FTP command set. 


used in the WIB is open source and 
the NTFS code would also certainly 
have a larger memory footprint. 
NTFS is suitable for modern oper- 
ating systems running on PCs with 
abundant resources, but it is much 
less suitable for embedded systems 
with few resources like the WIB. For 
all these reasons, FAT is a good choice 
as a file system for the WIB and for 
many other embedded systems. 


Can a USB Flash drive be used 
to store website files for the WIB, 
instead of using an MMC/SD/SDHC 
memory card? If not, are there any 
plans to modify the WIB to do this? 
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To interface to a USB Flash drive 

would require implementing a 
USB host interface, including a sup- 
ply to power the USB. The WIB does 
not have the hardware to do this. For 
this reason, it would not be viable 
to modify the WIB to support a USB 
Flash drive. 

We believe a memory card is ad- 
equate for the application and has 
the advantage of being quite compact. 
USB Flash drives are perhaps more 
easily transported and removed, but 
in this application, we assume that the 
memory card will be seldom removed. 


Are there any plans to make the 
WIB work with an external hard 
drive, either via a USB port or natively? 


No, there are no plans to change 

the WIB’s mass storage from its 
current medium. We believe that 
the current capacities that can be 
purchased in SDHC cards (up to 
32GB) are more than sufficient for 
the applications that the WIB will 
be used for. 

While hard drives offer cheaper and 
larger storage capacities, the complex- 
ity of the interface rules it out for the 
WIB. The microcontroller has no na- 
tive USB host support, and there is no 
other hardware on the WIB to support 
connection to a USB device. Adding a 
native hard drive interface would be 
even more complex. 

Added to this, a memory card 
uses less power and is more 


compact, reliable and faster than 
a hard drive. 


Can the WIB be used with 3G 
wireless modems with a USB 
port (dongles)? 


No, since the WIB does not 

implement a USB host, it can- 
not be used with such 3G modems. 
The WIB can only be used with an 
Ethernet connection. 

To be able to use a USB modem, 
you would need a USB host and the 
WIB has no such hardware support as 
itstands. However, there are 3G wire- 
less modems which have an Ethernet 
connection, and you should be able 
to use such a modem with the WIB. 


Miscellaneous questions 


Q:: it possible to put a slot in 


the external case so that the 
memory card can be removed or 
inserted, without having to take the 
case apart to get at the card? 


When the design was conceived, 
we assumed that the memory card 
would only infrequently be inserted 
or removed, as files can be uploaded 
or downloaded using an FTP client. 
It would be possible to house the 
WIB in a different case with a slot 
that would allow easier access to 
the memory card. In fact, you could 
even use it in a freestanding manner 
without a case, or leave out one of 
the side panels if you use it with the 
originally specified case. 


The RJ45 connector from 
Amphenol used in the WIB 


(CON2) has pins 4 and 5 and pins 
7 and 8 each internally shorted, 
and then connected via 75Q re- 
sistors to a single 1nF capacitor 
connected to OV. Would this cause 
problems if it were connected to a 
PoE (Power over Ethernet) system? 
Wouldn’t some of the 75 resistors 
be destroyed? 


The termination used in the WIB 

is the one recommended in the 
datasheet for the ENC28J60 Ethernet 
controller (obtained from the Micro- 
chip website). The 75Q resistors and 
the 1nF capacitor are for EMI reduc- 
tion and ESD protection, and the 1nF 


(2kV) capacitor connects to the metal 
shield of CON2 for this purpose. 

The RJ45 connector used in 
the WIB is not designed for PoE 
applications, and it would be a 
problem if the PoE host simply 
applied power. But that doesn’t 
happen — PoE hosts test the resist- 
ance between the terminals before 
doing so. 

In other words, a device config- 
ured for PoE must have the correct 
resistance before it is supplied 
with power. Since the WIB doesn’t 
present the correct resistance, the 
PoE host will not (or should not) 
apply power to it (an RJ45 connec- 
tor for PoE would add capacitors in 
series with the 75Q resistors). 


Serial port questions 


Can data be logged from the 
serial port of the WIB? 


You cannot log data from the 
serial port using the current 
versions of the WIB firmware. How- 
ever, you can log data from the four 
analogue inputs to the SD card and 
email them to a nominated account. 


Is it possible to communicate 
in both directions with the on- 
board serial port of the WIB? 
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No, it is not possible with cur- 
rent versions of the firmware 
to receive serial data with the WIB. 
It would not be difficult to 
modify the source code to allow the 
WIB to receive data into a buffer, or 
to write it to a file on the memory 
card, perhaps with network time 
information as well. You could 
also build in a serial server that 
would listen to serial commands 
and run functions, depending on 
the received data. 


For example, you could have 
the WIB send an email every time 
a certain sequence of serial data 
is received, or send the serial data 
received in an email. 

When the firmware was writ- 
ten, program memory was at a 
premium and some features had to 
be dropped. The serial port func- 
tions for sending data and now 
taking up memory could perhaps 
be replaced with code for receiv- 
ing data. 
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Website functionality questions 


Can the WIB firmware be easily 
modified to include support for 
PHP and ASP server-side scripting? 


No, it is not possible — the WIB 

supports only client-side script- 
ing. Server-side scripting is intended 
for more powerful PC-based or 
embedded servers, but is not really 
suitable for the WIB. 

We cannot rule out some kind of 
server-side scripting for a future up- 
grade, but it may not be on the scale 
ofa full-featured language like PHP, 


Feature requests 


Does the WIB respond to ping 
requests? Does the WIB imple- 
ment a DHCP client? 


No, the WIB does not support 
ICMP and will not reply to 
ping requests. Early versions of 
the firmware supported ping, but 
that was dropped to make room 
for other features due to limited 
memory. 
DHCP client support was also 
dropped for the same reason. 


How can the firmware be updat- 
ed if there are future changes? 


Currently, the only way to 
do this is to use a Microchip 
PICkit3 programmer. This is because 
the WIB doesn’t have a bootloader, 
which would allow its program 
memory to be rewritten with an 
upgraded version of the firmware via 
an Ethernet connection. The micro- 
controller supports RTSP (Run Time 
Self-Programming), but there was 
simply not enough program memory 
to implement such a feature. 
However, as stated at the begin- 
ning of this article, it is possible to 
use the dsPIC33FJ128GP802 chip 
instead of the original microcontrol- 
ler. This latter device is pin-for-pin 
compatible, but has double the pro- 
gram memory. By using this chip, 
it would be possible to incorporate 
many new features, including an 
Ethernet-based bootloader, and we 
may make this feature available in 
a later version of the project. 
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simply because the hardware is not 
powerful enough. 


Is it possible to use a typical 
MP (Linux, Apache, MySQL, 
PHP) installation with the WIB? 


No, it is not possible. Such 

installations are for full- 
featured PC-based or embedded 
servers that are much more power- 
ful than the WIB. The WIB is not 
a full-featured server, nor does it 
have the speed or memory (or even 


What are some of the feature 

requests that have been submit- 
ted by readers? Will they be imple- 
mented in the future? 


Several readers have modified 
the firmware so that it does not 
delete the variable log files on reboot 
and to immediately log the variables 
on reboot, without waiting for the first 
log interval to elapse. Some readers 
have also added extra digital outputs 
and inputs via extra hardware, al- 
though the four analogue inputs can 
also be used as digital inputs. 
There are no plans at the moment 
to incorporate these features in the 
standard firmware for the WIB. 


What are some of the feature 
requests that you have received 
from readers and which of those are vi- 
able? What other add-ons are possible? 


We have had many requests 
from readers for features. 
Among these are: 


(1) Better security, using encryption 
at least for the HTTP headers 


(2) Support for server-side scripting 
like PHP 


(3) Connection of additional sensors, 
including perhaps digital interfaces 
for sensors (eg, 1-wire Dallas) 


(4) Battery backed-up power supply, 
including a mechanism to monitor 
mains voltage 

(5) Using the WIB for controlling a 
number of mains-powered appli- 
ances (eg, to power cycle computers 


through the web server) 


hardware architecture) to run such 
an installation. 


Can the WIB support a website 
or online shopping using a 
shopping cart? 


No, the WIB does not support a 

shopping cart application. There 
are anumber of reasons. First, it does 
not support server-side scripting and 
second, it would not be ideal from 
a security point of view, as the WIB 
does not support encryption either. 


(6) A bootloader to allow for easy 
firmware updates 


(7) Faster Ethernet connection and 
Wi-Fi (wireless) connection. 


The ones that we think are viable 
are: (1), (3), (5), (6), and we could 
also add DHCP client support and 
ICMP support. Server-side scripting 
of some form could be incorporated, 
but certainly not in the form of PHP, 
so we think that (2) is not viable. 

We think (4) is too specialised and 
thus not viable. Note that many com- 
puters can be woken up using their 
LAN interface remotely (wake-on- 
LAN), so (5) would really only be for 
controlling mains devices other than 
PCs with a wake-on-LAN feature. 

Note that the Microchip TCP/IP 
stack is also fully integrated with 
Wi-Fi support, and Microchip also 
supplies the hardware for Wi-Fi. 
As such, Wi-Fi is also possible, but 
would depart from the original de- 
sign substantially. 

Again, although Microchip now 
provide a 100Mbps Ethernet con- 
troller, it comes in an SMD package 
which would thus also depart from 
the original design substantially, so 
(7) is probably not viable (it would 
be a new hardware project). 

When you exclude firmware fea- 
tures, there are also many other 
hardware add-on boards that could 
be designed. The WIB Time Display 
Module published in the March 2012 
issue of EPE is one such item, and one 
reader has used an LCD rather than a 
LED display, with good results. 
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Known bugs and errata 


Are there any known bugs and 
workarounds for the WIB? 


Yes, there are two known prob- 
lems with firmware versions 
that are fixed in version 5.40. 

The first problem occurs when using 
an IP address for the WIB other than 
192.168.0.x, eg, a 10.1.1.x address. 
Most people will be using a 192.168.0.x 
address, so this issue will not be ap- 
parent. 

If you assign an IP address other 
than 192.168.0.x, the WIB does 


ISP terms of use 


not correctly ask for login infor- 
mation for file extensions set to 
private, exposing a security risk. 
For example, the settings.txt file 
can be viewed without logging in 
(the settings cannot be changed, 
however). Version 5.40 fixes this 
problem. 

This problem can also be fixed by 
changing the default file permission 
to private (the default is public). 
This workaround works except that 
all files will then be private. If you 
want some to be public and some 


private, you will have to update the 
firmware. 

The other problem is more 
minor, and is also fixed in ver- 
sion 5.40. It simply adds quotes 
around the PWD command reply 
of the WIB’s FTP server. This is 
necessary to prevent some FTP 
programs from reporting errors 
with the WIB’s response. Note that 
the command-prompt FTP client 
supplied with Windows can still 
be used with the WIB to transfer 
files to and from a PC. 


PLEASE be aware that serving web 
pages may contravene your Internet 
plan’s terms of use. You should 


check your ISP’s terms to ensure 
that the WIB can be used with your 
account. 


Kits and pieces, and EPE Chat Zone 


In some cases, it may be necessary 
to get a business account or a static 
IP address. 


IN THE January 2011 issue of EPE, we 
explained that the relevant SD Card 
Socket for WIB is no longer avail- 
able as a separate component. (The 
manufacturer only supplies orders in 
quantities of 10,000 or more, which is 
not feasible for the hobby kit market.) 
We have tried to source a compatible 
alternative socket with the same pin- 
outs, but so far without success. 

While the EPE editorial team 
does research the projects that are 
published, unfortunately compo- 
nent ‘disappearances’ do occur oc- 
casionally. Late-breaking news and 
updates are available in the Shop 
Talk section of our forum, at: www. 
chatzones.co.uk. 

Readers who wish to build WIB 
have essentially two main options: 


01202 880299 


or email 
stewart.kearn@wimborne.co.uk 


buy a complete kit, or purchase in- 
dividual components. 

For the latter, the March issue, 
included a brief explanation of how 
to ‘hook-up’ an alternative SD-Media 
socket to the board. This informa- 
tion is also available on our website 
(www.epemag.com). 

A pre-programmed PIC is not 
available, so constructors will need 
to download the software and pro- 
gram the PIC using the Microchip 
PICkit3, together with their free 
MPLAB software. 

For kit builders, two Australian 
suppliers advertise a complete set 
of parts: Jaycar and Altronics. Be- 
fore purchase, we recommend you 
check that they include the correct 
SD-Media socket. 


For Jaycar, you need kit number 
KC5489 from www.jaycar.com.au. 

For Altronics, you need kit 
number K6210 from www.altron 
ics.com.au 

Last, but definitely not least, if 
you are having any problems with 
your WIB construction project; 
want to discuss an idea or explain 
an add on that you have designed/ 
built; or simply want to chat about 
WIB in general, then do go to the 
EPE Chat Zone for lots of free and 
helpful WIB advice: www.chat 
zones.co.uk 
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INTERFACE 


By Robert Penfold 


Simple Electronic Thermometer 


HE last Interface article (Feb ’12) 

i featured an 8-bit analogue-to- 

digital converter that interfaced 
to a PC via a virtual serial port. Al- 
though this interface offers only mod- 
est resolution and sampling rates, it is, 
nevertheless, suitable for a wide range 
of measurement applications. 

One of these applications is tem- 
perature measurement, and a simple 
electronic thermometer is the subject 
of this month’s column. 


Scaling 

With any measuring application that 
uses analogue-to-digital conversion, it 
is important to arrange things so that 
the system uses sensible scaling. The 
converter circuit covered in the previ- 
ous article accommodates voltages in 
the range of OV to 5V, and it is an 8-bit 
linear type. The maximum reading is 
therefore 255, and the circuit operates 
with increments of 19.607843mV! 

In a_ temperature-measuring ap- 
plication, the sensor circuit should, 
therefore, be designed so that its out- 
put voltage varies at 19.607843mV per 
degree Celsius, per 0.5°C, or something 
equally convenient. The mathematics 
that convert the raw readings into corre- 
sponding temperature values will other- 
wise produce long rows of meaningless 
figures after the decimal point, or will 
introduce rounding errors. 

An alternative approach is to al- 
ter the sensitivity of the converter to 
match up nicely with the output volt- 
age range of the temperature sensor. 
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An attenuator can be added ahead of 
the converter in order to increase the 
full scale voltage, or an amplifier can 
be used to increase the sensitivity of 
the circuit. 

The ADCO0804LCN is the converter 
chip used in the circuit featured in 
the previous Interface article, and it 
provides an alternative method of pro- 
viding increased sensitivity. This ba- 
sically just involves reducing the con- 
verter’s reference voltage, which gives 
a corresponding reduction in the full 
scale voltage of the circuit. 

A modified version of the converter, 
that enables the full-scale voltage to 
be varied from its normal 5V level to 
less than 1V, is shown in Fig.1. This 
circuit will not be described in detail 
here as it is essentially the same as the 
one featured in the Feb "12 article. The 
only difference is that an additional 
stage drives pin 9 of the converter chip 
(IC1), whereas this pin was previously 
left unconnected. Pin 9 connects to an 
internal potential divider circuit that 
provides the converter with a voltage 
that is equal to half the reference volt- 
age used. In this case, the reference 
level is 5V and the potential at pin 9 of 
IC1 is therefore 2.5V. 

The full-scale voltage of the con- 
verter can be reduced by using an 
external circuit to pull the voltage at 
pin 9 lower. The full-scale potential 
of the converter will still be twice 
the voltage at pin 9. Taking it to 1.5V, 
for example, would give a full-scale 
potential of 3V. Here the voltage is 


pulled lower using the variable volt- 
age provided by R6 and VR1, which 
is applied to pin 9 of IC1 via a buffer 
amplifier that uses IC3 in a standard 
voltage follower circuit. 

The LM358N used for IC3 is actually 
a dual device, but in this circuit one 
section is left unused, and there are no 
connections to pin 5 to pin 7 of this 
dual op amp. Note that the operational 
amplifier used for IC3 must be a type 
that can operate with a single supply 
rail. Most other types need dual rails. 

Resistor R5 is needed to help the out- 
put stage (pin1) of IC3 pull pin 9 of IC1 
to suitably low voltages. The preset po- 
tentiometer used for VR1 needs to be a 
high quality multiturn component. 


Sense of proportion 

There are several types of sensor de- 
vices that can be used to convert tem- 
perature into a corresponding voltage 
that can be read by the interface, but 
for most purposes the semiconductor 
variety are the most suitable. Semi- 
conductor temperature sensors rely 
on the fact that the forward threshold 
voltage of a silicon diode varies with 
temperature. 

The amount of change is not very 
great, and is typically only about 2mV 
per degree Celsius. On the plus side 
though, good linearity is maintained 
over a very wide temperature range. 

The basic arrangement used for a 
semiconductor temperature sensor is 
shown in Fig.2. Diode D1 is the sensing 
element, and it is forward biased via a 


Fig.1. Adjusting preset VR1 enables the half reference level at pin 9 of IC1 to be reduced to less than one volt. The operational 
amplifier (op amp) used in the voltage follower (IC3) must be a type that is suitable for single supply operation 
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constant current source. The latter en- 
sures that the operating conditions for 
the diode remain the same over the full 
temperature range covered. 

The voltage developed across the 
sensing diode is typically about 0.65V 
at room temperature, and varies in- 
versely to changes in temperature. In 
other words, the higher the tempera- 
ture, the lower the output voltage. 

In order to provide an output poten- 
tial that is proportional to the sensed 
temperature, it is necessary to invert 
the signal and then provide further 
processing to remove the offset volt- 
age and provide the required scaling. 
This can be achieved reasonably eas- 
ily using discrete circuits, but these 
days it is far easier to use the various 
integrated circuit temperature sensors 
that provide all or most of the signal 
conditioning for you. 


Fig.2. A semiconductor temperature sensor is based 
on a forward-biased diode. The output voltage reduces 
at only about 2mV to 3mV per degree Celsius, and a 
fair amount of signal processing is needed in a practi- 


cal temperature measuring application 


There are actually temperature sens- 
ing integrated circuits that have the 
necessary analogue-to-digital conver- 
sion built-in, and provide a digital 
output signal. These mostly provide 
a very high degree of accuracy from 
their ‘state-of-the-art’ circuitry, and 
represent a very good way of imple- 
menting a temperature interface. 

Unfortunately, they are not really 
applicable in the current context, 
since they seem to require a two-way 
digital interface so that they can be set 
up to perform in the required manner. 
Here we will only consider simple 
temperature sensing devices that pro- 
vide an analogue output signal. 

There are numerous analogue temper- 
ature sensor chips to choose from, and 
as one would probably expect, the more 
expensive chips tend to offer a higher 
degree of linearity and accuracy than the 
lower cost types. The LM35 offers a good 
compromise between cost and perform- 
ance, and it is very easy to use. You can 
pick up a pack of ten for less than £10 
on eBay, and accuracy is typically +0.5°C 
over the full operating range. 

It will work well from a 5V supply and 
with a supply current of less than 60uA 
there are no significant problems with 
self-heating. It operates over a tempera- 
ture range of —55°C to +150°V, although 
this becomes 0°C to +150°C when it is 
used with a single supply rail. 
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The LM35 is available in various 
versions with a variety of encapsula- 
tions. Fig.3 shows the leadout arrange- 
ment used for the TO92 cased version, 
which is the most readily available 
type. Note that this is a base view (ie, 
as viewed looking onto the leads of the 
device). 

Fig.4 shows the circuit for an LM35 
temperature sensor, and the only 
discrete component is capacitor C5. 
This helps to reduce problems with 
noise, and is especially important if, as 
will usually be the case, the LM35 is 
fitted in a probe and connected to the 
main circuit via a cable. 


Scaling 

The output voltage of the LM35 is 
10mV (0.01V) per degree Celsius. 
Adjusting preset VR1 in the convert- 
er circuit for a full scale potential of 
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Fig.3. The base view for 
an LM35__ temperature 
sensor that has a TO92 
plastic encapsulation. The 
LM35 provides an output 
voltage that is equal to 
10mV per degree Celsius 


2.55V gives a resolution of 10mV, and 
readings from the converter are then 
directly in degrees Celsius. Perhaps 
more usefully, setting the full scale 
potential at 1.275V gives a resolution 
of 5mV, and dividing values from the 


Listing 1 


Imports System 
Imports System.1O.Ports 


Public Class Form1 


converter by two then gives readings 
in degrees Celsius with increments of 
0.5 degrees. 

The slight downside of the increased 
resolution is that the maximum tem- 
perature reading is reduced from 
150°C to 127.5°C. For most purposes, 
the increased resolution and slightly 
reduced maximum temperature is the 
better option. 

It should be borne in mind that 
increasing the resolution of the con- 
verter also increases the likelihood 
of problems with noise giving jit- 
tery readings. This is true whether 
the converter itself is given a lower 
full-scale voltage or external ampli- 
fication is used. Either way, greater 
care needs to be taken over the com- 
ponent layout in order to minimise 
the amount of noise that finds its way 
into the system. 


Fig.4. The circuit for an LM35 tempera- 
ture sensor. The only discrete component 
required is capacitor C5, which is used to 
filter any noise picked up in the connect- 
ing cable 


Software 

The Visual BASIC routine in List- 
ing 1 is all that is needed in order to 
provide an onscreen digital readout 
for the temperature interface. This 
is essentially the same as the listing 


Dim WithEvents port As SerialPort = New _ 
System.1O.Ports.SerialPort("COM8", 9600, Parity.None, 8, StopBits.One) 


Private Sub Form1_Load(ByVal sender As Object, ByVale As _ 
System.EventArgs) Handles Me.Load 
CheckForlllegalCrossThreadCalls = False 
If port.lsOpen = False Then port.Open() 


End Sub 


Private Sub port_DataReceived(ByVal sender As Object, ByVal e As 
System.1O.Ports.SeriaiDataReceivedEventArgs) Handles port.DataReceived 
TextBox1.Text = (port.ReadByte / 2) 

If port.ReadExisting.Length = 0 Then 
End If 
End Sub 
End Class 
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provided in the previous Interface ar- 
ticle, but readings are divided by two 
before being displayed on the screen. 

It is assumed here that the interface 
will be adjusted for a temperature range 
of 0°C to 127.5°C, with a resolution of 
0.5°. The original listing will suffice if 
the interface is set for a range of 0°C to 
150°C, with a resolution of one degree. 

I added a ‘Degrees Celsius’ label 
to the form, as can be seen in Fig.5, 
which shows the system in operation. 
Remember that the COM port number 
used in the listing must be the one 
used for the virtual serial interface 
on your PC. It was COM8 for my PC, 
but in most cases it will be something 
different. With the serial port’s driver 
software installed, the number for the 
port can be determined by going to the 
Ports section of the Windows Device 
Manager program. 
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Fig.5. The program provided in Listing 1 
gives a readout in degrees Celsius with 
a resolution of 0.5 degrees 


Calibration 

The circuit can be calibrated by set- 
ting the appropriate voltage at pin 9 
of IC1, but for optimum accuracy it 
should be calibrated against an accu- 
rate thermometer. This is just a matter 
of subjecting the LM35 sensor and the 
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reference thermometer to the same tem- 
perature and then adjusting preset VR1 
so that the onscreen reading matches 
that of the reference thermometer. 

Make sure that the thermometer and 
the sensor have had time to settle to 
the same temperature before adjusting 
VR1. Ideally, the calibration tempera- 
ture should be fairly high at around 
half the full scale value or more. 

A ‘rough and ready’ way of calibrat- 
ing the unit is to place the sensor in 
boiling water, wait for readings to set- 
tle, and then adjust VR1 for a reading 
of 100 degrees. Of course, this requires 
the sensor to be housed in a probe 
assembly that is waterproof and can 
handle temperatures of 100°C or so. 
Bear in mind that some plastics melt 
at less than 100°C. Obviously, due care 
MUST be taken when the calibration 
process involves the use of hot liquids. 


A Broad-Based Introduction to 
Electronics plus FREE CD-ROM 
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VERYDAY PRACTICAL ELECTRONICS is offering you the chance to win a Microchip 

LED Lighting Development Kit (DM330014). Microchip’s Digital LED Lighting Development Kit 

enables designers to quickly leverage the capabilities and performances of the dsPIC33F GS series of 
Digital Signal Controllers (DSCs) to develop LED-lighting products. The dsPIC33F GS DSC and the LED 
development kit allow developers to create a 100% digitally controlled ballast function, while including 
advanced features such as dimming and colour hue control. 


The kit includes an LED baseboard with an on-board dsPIc33FJ16GS504, a DC/DC Buck daughter board, 
and a DC/DC Boost daughter board. Benefits offered @ Reduced System Cost, via higher integration 
e Higher Efficiency, using digital-control techniques @ Flexible and reusable designs ® Advanced 
features, implemented in software. 


EXAMPLE APPLICATIONS 

LED lighting applications supported by the development Kit include: dimmable LCD backlighting; 
signage; LED replacement of fluorescent tubes and incandescent bulbs; architectural lighting; and 
automotive lighting applications. Automotive lighting products include exterior applications, such as 
headlights, daytime running lights and signal lights. 


Key features of Microchip’s Digital LED Lighting Development Kit include: 

® Colour control for RGB LEDs ® Supports DMX512 standard for brightness control @ Flexible input 
voltage support, including both buck and boost topologies ® Fully dimmable @ Full digital control 
e Fault protection @ Fully controlled with a single dsPIC33FJ16GS504 DSC. 
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HOW TO ENTER 


For the chance to win an LED Lighting Development Kit, visit: www.microchip-comps.com/epe-led 
and enter your details in the online entry form 


CLOSING DATE 
The closing date for this offer is 31 May 2012 
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REGULAR CLINIC 


BY IAN BELL 


What’s the comparison? 


E’VE received an email from 

Bond Piki who asks about part 
of the circuitry in the 230V 10A 
Full-Wave Motor Speed Controller 
constructional project by John Clarke, 
from the June 2011 issue of EPE. 


I just need to ask what's the formula 
for finding 5V peak-to-peak on the first 
op amp (oscillator/triangle generator), 
and what's the formula for finding the 
least voltage output and/or highest 
voltage output on the PWM comparator. 


The full original schematic was 
on page 14 of the June 2011 issue. 
The section of the circuit relevant 
to the question is shown in Fig.1. In 
this month’s article, we answer Bond 
Piki’s questions, look at comparator 
circuits in general, and provide some 
further insights into the oscillator and 
comparator circuits used in the motor 
controller, which will be useful to 
readers who want to use these circuits 
in other applications. 


In comparison 

Both the PWM (pulse-width 
modulation) comparator and triangle 
waveform generator circuits use 
comparators. A comparator is a circuit 
which compares one analogue signal 
with another and outputs a binary 
logic signal based on the result of 
the comparison, or provides on/off 
switching of a load. 


A comparator is similar to an op 
amp used without feedback (open 
loop); it has very high gain, thus for 
all but a very small range of input 
voltage differences the output will be 
at the lowest or highest output voltage 
available, typically close to the supply 
rails. These two saturated output 
voltages may represent Boolean 0 and 
1. An op amp connected in this way 
behaves as a comparator, but usually 
specific circuits/chips, which are 
optimised for comparator operation, 
are employed. In the 230V 10A Full- 
Wave Motor Speed Controller, the 
LM319 dual comparator chip is used. 

The output circuit of the LM319 is 
shown in Fig.2. The output transistor 
Q16 is in open (or uncommitted) 
collector configuration. This is useful 
because loads such as relays or lamps 
can be connected between the output 
and supply. The LM319 can switch 
loads taking up to 25mA in this 
manner. Furthermore, multiple open 
collector outputs can be connected 
together without any short circuit 
problems. Then, if one or more of the 
linked output transistors is on, the 
load is switched on. 

If we need the LM319’s_ open 
collector output circuit to switch 
between two voltage levels, rather 
than just switch a load, then we need 
to provide a pull-up resistor. This is 


the purpose of the two 4.7kQ resistors 
in the circuit in Fig.1. When Q16 in the 
LM319 (Fig.2) is on, the comparator’s 
output is pulled down to ground by 
the transistor’s low on resistance. 
When transistor Q16 is off the 4.7kQ 
resistor in the external circuit pulls 
the output up to the supply voltage. 


Fig.2. LM319 output circuit (from National 
Semiconductor datasheet) 


overcurrent signals 


Fig.1. The triangle waveform generator and PWM comparator from the 230V 10A Full-Wave Motor Speed Controller 
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This answers Bond’s question about 
the PWM comparator output voltage to 
some extent. Ideally, the comparator’s 
output will switch between OV and 
the supply voltage (15V). However, in 
practice, the minimum output voltage 
will depend on the collector-emitter 
saturation voltage of Q16 (Va... oie) 
(in Fig.2) and any voltage dropped by 
R17. 

The current in the LM319 output 
will be about 3.2mA (15V_ supply 
divided by 4.7kQ pull up resistance). 
The LM319 datasheet state states that 
the saturation output voltage at I... 
<3.2mA is typically 0.23V, and at 
worst 0.4V at temperatures above 0°C 
(I... is the current being sunk by the 
LM319’s output, that is Q16’s collector 
current). 


Point of saturation 
We could write a formula for the PWM 
comparator minimum output voltage 


V wea = Votieat 16 + Tint # 


but this is not particularly useful, 
because we do not know the exact 
characteristics of the LM319’s Q16 
transistor. The datasheet does, however, 
provide a graph of the output saturation 
voltage, which is shown in Fig.3. 
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Fig.3. LM319 saturation output voltage for 
various output currents. In Fig.1 the cur- 
rent is about 3.2MA 


The maximum output voltage from 
the PWM comparator will depend on 
the load, that is, any other circuitry 
in addition to the pull-up resistor 
connected to the output. In the motor 
controller, the PWM _ comparator 
output drives a couple of logic gates. 
These are included in Fig.1 to show 
that the comparator is not heavily 
loaded (the logic gates have a high 
input impedance). This means that the 
4.7kQ resistor will be able to pull the 
PWM comparator output voltage very 
close to the supply voltage when the 
LM319’s output transistor is off. 

The actual output voltages (high and 
low) of the PWM comparator are not 
particularly important as long as they 
are within the valid logic 0 and logic 1 
input voltage ranges of the logic gates. 
The previous discussion indicates that 
this will be the case. 


Everyday Practical Electronics, April 2012 


Simplified 
circuits 

For the purpose 
of further analysis 
we Can _ separate 
and simplify the 
two circuits. We 
will redraw the 
circuits using only 
the components 
which are essential 
for calculating the 
switching behaviour 
and voltage levels. 
If we consider a 
generic comparator, 
whose output simply 
switches between 
supply and ground, 
we do not need to 
include the 4.7kQ 
resistors in these 
simplified circuits. 

The 100nF supply decoupling 
capacitor is needed in the practical 
circuit to ensure proper operation 
of the comparator chip (particularly 
during switching), however, we do 
not need to include it in calculations 
relating to the switching voltages. 

Similarly, the 10uF and 200pF 
capacitors provide some _ signal 
conditioning, but are not essential 
to the calculation of the switching 
voltages. The 10uF capacitor in 
particular prevents spurious switching 
of the comparator, but if we assume 
the speed control is more or less fixed, 
or more realistically, is changed very 
slowly compared to the time constant 
the 10uF capacitor forms with the 
speed setting components, then we 
can ignore it. 

The speed control at the input to the 
PWM comparator is simply a potential 
divider (formed by VR1, the 8.2kQ 
and 1kQ resistors in Fig.1), which sets 
an input voltage to the comparator 
circuit. This voltage can be modified 
by the load compensation and current 
protection signals. 

These signals are important in the 
context of the full motor controller, but 
when just considering the comparator 
we can ignore them. We simply need 
to consider an input reference voltage 
(the ‘speed’ voltage) and for our 
analysis it does not matter exactly 
how this is set. 


Simplified 
triangle 
waveform 
generator 

The triangle wave- 
form generator is 
redrawn on its own in 
Fig.4. We now assume 
a generic comparator 
and therefore have 
removed the pin 
numbers and left 
off the supply 
connections so_ that 
the schematic only 


Fig.4. Simplified triangle waveform generator circuit 


shows the components and wiring 
directly pertinent to our calculations. 
The resistors and capacitor have been 
labelled (R1, R2 etc) so we can write 
equations in terms of their values. 
Similarly, we label the voltages on the 
wires in the circuit. 


Simplified comparator circuit 
The circuit in Fig.5 shows the simplified 
version of the PWM _ comparator. 
Although Bond did not specifically ask 
about this, for completeness we will 
look at the input voltages at which the 
comparator switches. 

Comparator ICs, such as the LM319, 
switch their outputs according to 


Fig.6. Comparator multiple switching 
problem 


Comparator 


Fig.5. Simplified comparator circuit 
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which of their two input voltages is 
at the highest voltage. A potential 
problem with this is that the output 
may switch many times if the 
input voltages are very close, have 
some noise or are slowly changing. 
This is illustrated in Fig.6, where 
Wwe assume one comparator input 
is fixed at V,,, and the other is 
changing. 

The multiple-switching problem 
may be overcome by using two 
thresholds, eg, V,,, and V,, (higher 
and lower threshold). The difference 
between V,,, and V,, is called the 
hysteresis. When the input increases 
past V,,, the comparator switches, 
but it does not switch if the input 
decreases past V,,,. Instead, the input 
must decrease past a lower threshold 

, before the comparator switches 
again. This is illustrated in Fig.7 and 
Fig.8. 

A comparator with hysteresis can be 
made from a single simple comparator 
by setting the threshold depending on 
the comparator’s current output state 
— using positive feedback from output 
to input. In the circuit in Fig.5 this is 
provided by R2. 

Referring to Fig.5, the voltage at 
which the comparator switches, V___ 
depends on V_,and V,_,. We will assume 
V,, is fixed it is for'a given speed of 
the motor controller), but V_,, depends 
on the current state of the comparator. 
Following from our earlier discussion 
we assume V_, can take one of two 
values, which for simplicity we will 
assume to be OVand V, 

supply 
Operation 
To follow the operation of the circuit, 
start by assuming that V,, is less than 
cinip? SOV = As V., is slowly 
increased this condition remains until 
(higher threshold), 


in ~ Vecomp = Vor 


R R 
Vin -( : Yu t [ ; an 
R,+R, R,+R, 


This equation uses the potential divider 
formula twice to take account of the 
contributions of both V,, and V. Viesly 
to Vin, Resistors R1 and R2 form 
a potential divider for both of these 
voltages (in opposite directions) and we 
can sum the result of the two cases (in 
which the other voltage oe set to zero). 
On switching at V__, = V.,,, the output 
changes to V,, = Ov, changing the 
threshold to a new value, V 
(lower threshold), where: 


R 
Le 2 IV. 
x cle fe 


V,,,, Will now stay at OV until the input 
falls below V,,,, again. The difference in 


the switching points, ie, the hysteresis, 
V,,, is: 


R 
Vy Ving Vi = [ R r" R Fee 
1 2 


comp — — TL 


H’ 
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Fig.7. Using different thresholds depend- 
ing on the direction of change provides 
clean switching 


For the component values shown in 
Fig.5 V,, is about 15mV. 

V,,, can be obtained from a potential 
divider connected to the supplies as 
shown in Fig.1 (VR1, the 8.2kQ and 
1k@ resistors). Ideally, in order to 
prevent the comparator circuit from 
loading the divider, the resistance 
of the divider should be at least ten 
times smaller than the total value of 
comparator resistors (R1+R2 in Fig.5). 
We see this is the case in the motor 
controller circuit. 

The triangle waveform generator 
(Fig.4) also uses a comparator with 


positive feedback to change the 
switching threshold depending 
on the comparator’s output. The 


arrangement of resistors is slightly 
different; in fact, we could say that 
this circuit is like the previous one, 
except the reference-setting voltage 
divider is deliberately loaded to 
switch the threshold voltage. 

With reference to the triangle 
waveform generator shown in Fig.4, 
the comparator output, V_,, will switch 
between the supply voltages (V.wppy and 
OV), just like the comparator “chip in 
the PWM comparator circuit — note that 
the triangle waveform is the capacitor 
voltage, not the comparator output. 
When V,,, switches, the capacitor, C1, 
will start charging/discharging towards 
V_, Via resistor R4. 

The capacitor will not charge/ 
discharge all the way to V,,,, or 
OV because it is connected to the 
comparator’s input and at some 
point it will reach V_,,, the voltage on 
the comparator’s other input. When 
this happens, the comparator output 
will switch again and the capacitor 
will start discharging/charging in 
the opposite direction. Thus, the 
capacitor voltage will oscillate 
between the two values of V__,, set by 
the R1, R2 R3 resistor network and 
two values of V_, for the comparator 
chip. 

If we assume that comparator output 
a V_4.. Switches between exactly 

and OV it is straightforward to 
aa ‘these two values of V,,. When 
the comparator output is ov, R3 is 
effectively connected to ground in 
parallel with R2. The parallel value 


Fig.8. Switching characteristic of circuit with 
hysteresis. Increasing and decreasing input 
voltages cause the output to switch at different 
points 


of these resistors, R,,,, is, using the 


formula for two parallel resistors: 
RR; 
R,+R, 
This resistance forms a_ potential 
divider with R1 to set the lower of the 


Vref values, which is the minimum 
voltage for the triangle waveform, V,,,: 


R 
Vin = (A Vans 
R + Rpo3 


with the R 


P23 


P23 — 


Combining this 
equation we get: 
RR 
Vin = _ Veupply 
R(R, + Ry )+ RR 

When the comparator output is V,,,.1,5 
R3 is effectively connected to the supply 
in parallel with R1. The parallel value of 
these resistors, R,,,,, is 

—_ RR, 
OR +R, 

This resistance forms a_ potential 
divider with R2 to set the upper of 
the V_,, values, which is the maximum 
voltage for the triangle waveform, V. 


wH 
R 
Vivi = 5 Vou 
supply 
Roy +R, 


with the R 


‘P23 


Combining — this 
equation we get: 
R, (R, + R, ) 
Vw = RR supply 
3 + R, (R, + R; ) 


The peak-to peak amplitude of the 
triangle waveform is simply: 


Vn - Vor 
and the offset, or centre voltage, is: 
Vv + Vin 
2 
For the situation in Fig.4, where the 


three resistors values are equal (as in 
Fig.4) we get: 


1 
Vin, = 3 sump 

and 5 
Vw = 3 Vsunot 
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Using a 15V supply, implies a 
triangle waveform varying from 5V 
to 10V, or to put it another way, a 5V 
peak-to-peak waveform centred on 
7.5V. This answers the other part of 
Bond’s question. 

The triangle waveform generator does 
not produce an ideal triangle waveform 
with perfect straight edges. The 
capacitor is charging and discharging 
with an exponential characteristic and 
the waveform therefore has this shape. 
However, because of the switching 
action of the comparator the capacitor 
does not follow the full charging 
curve and the proportion of the curve 
covered is a reasonable approximation 
to a straight line. 


Simulated waveforms 
Simulated waveforms of the triangle 
waveform generator in Fig.4, obtained 
using LTSpice, are shown in Fig.9. We 
can see V_, switching between 5V and 
10V, as predicted by our equations, as 
V_,, Switches between OV and the supply 
voltage (15V). The slight curve in the 
triangle waveform can also be seen. 
However, the approximation to a triangle 
waveform is sufficiently good for the 
motor controller to operate as required. 

The waveform generator will produce 
more accurately triangular waveforms 
for lower oscillation amplitudes, until 
the point at which other effects such 
as noise start to dominate. To obtain a 
good triangle shape of large amplitude 
using this circuit it would be better to 
set the amplitude of the generator low 
and amplify the signal to the required 
level. 

The triangle output has to be 
connected to a high impedance input, 
otherwise the voltage on the capacitor 
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Fig.9. LTSpice simulation of triangle waveform generator in Fig.4 


will be influenced by loading effects. 
In the motor controller, this condition 
is satisfied because the triangle 
waveform is fed directly to the PWM 
comparator (LM319) input. If the 
triangle waveform generator was 
used with an amplifier, as mentioned 
above, a non-inverting op amp 
amplifier would be suitable due to its 
high input impedance. 

During the ‘upward’ part of the 
triangle waveform the capacitor is 
charging from an initial voltage V,,, 
towards an applied voltage V,,_,, 
After a certain time, t, it reaches the 
voltage V,,,, and the charging process 
reverses. The time (t) taken for the 
capacitor to charge from V,, to Vy, 
can be found from a version of the 
standard RC circuit charging equation: 


t= R,C, In| 1 Pe 
- Vin 


supply 


www .matrixmultimedia.com 


in which In is the natural logarithm. 
For the component values from Fig.4, 
and the corresponding waveform 
voltages calculated earlier, we get: 


(332i cee t= 
a= 


=5.94x10~ In(0.5)= 412s 


We can see that this is in good 
agreement with the simulation results 
in Fig.9. By symmetry the ‘downward’ 
section of the triangle is the same 
length, so the frequency of the triangle 
oscillation is: 


ay, 


which gives f = 1.21kHz, reasonably 
close to the value of 1.25kHz stated in 
the original motor controller article. 


1 
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- based on PIC technology 

- full graphical programming language 
supports wired and wireless 
communication protocols 

- compatible with industrial sensors, 


lab sensors sand add-ons 
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E continue this month with 
a more detailed look at the 
chipKit Arduino develop- 


ment environment, and the creation of 
a useful project. Our processor board 
will be the chipKit Uno32, as this 
gives the best functionality and per- 
formance for its low price. 

We are going to be developing two 
projects over the coming months; the 
first will be a simple project that could 
in theory be handled by any Arduino 
processor board, and is given as an easy 
introduction. The second will showcase 
the power of the PIC32 — by generating 
video output — and demonstrate how 
you can create your own library func- 
tions for Arduino. 

As we hinted at last month, the chip- 
KIT is not really a Microchip product, 
but the creation of Digilent. Digilent 
are well know for their processor and 
FPGA development boards, so it comes 
as no surprise that they should be in- 
volved in the development of a low- 
cost PIC32 board. The genius is in their 
porting of the Arduino development 
environment to it. Digilent are going 
through a process of rapid, continuous 
development of this IDE, MPIDE, and 
their latest offering (as of the beginning 
of Feb ’12) is version 23, released on 21 
December last year. 


Installation 

The chipKIT boards are supplied in 
minimalist form: no cables, no user 
manuals, no disks — just a link to a 
location on the Digilent website, from 
which you can download the develop- 
ment environment. Bear in mind this 
is a 122MB download, but it does in- 
clude everything required — an editor, 
compiler, download functionality and 
help files. 

The IDE is provided in three variants, 
one for each supported operating sys- 
tem — Windows, Mac OS X and Linux. 
We are looking at the Windows version 
only, but once installed, the operation 
is the same. Installation notes for the 
other two OSs can be found at: www. 
chipkit.cc/wiki. 

The download for Windows is a zip 
file, located at the website github.com/ 
chipKIT32/chipKIT32-MAX/down 
loads. This site will list the latest and 
some older versions of the software, for 
all three operating systems variants — 
which can make working out what you 
should download confusing. 

At the moment the file we want is 
called mpide-0023-windows-20111221. 
zip, as this is the latest Windows 
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Digilent’s chipKIT Uno32 board 


version; by the time you come to look 
there may well be an updated version in 
place. Feel free to download either the 
one we specify or the latest, as it is un- 
likely (for the purposes of these articles) 
that there will be any compatibility is- 
sues between them. 

Once you have downloaded the zip 
file, open it and extract the contents to 
somewhere that suits you — we placed 
itinc:\, giving an installation directory 
of c:\mpide-0023-windows-20111221. 
Make sure you have plenty of free 
space, as the zip file expands to over 
460MB. 

There is no installation process as 
such; after the files have been copied, 
the IDE can be started by double-clicking 
on the file mpide.exe. Right-clicking on 
the file and selecting sendto->Desktop 
will place a more convenient shortcut 
on your desktop. Double-clicking the 
shortcut or the executable will launch 
the IDE, see Fig.1. 


The IDE 

Anyone familiar with modern devel- 
opment environments, such as Visual 
Studio, Eclipse or MPLAB-X will find 
the MPIDE development environment 
rather dated and a little confusing with 
its basic 2D icons and strangely worded 
options. This is not your usual program- 
ming environment! 

This is probably intentional — Ar- 
duino is designed for non-technical 
people, and Digilent have tried to mi- 
nimise the ‘complex’ tools and features 
that are normally associated with soft- 
ware development tools. One major 
simplification is the total absence of any 
form of debugging support; if your code 
does not work perfectly first time (does 
it ever?) you will have to resort to the 
rather basic technique of putting ‘print 
statements’ into your code (be that writ- 
ing text to an LCD, or flashing an LED). 


There is a ‘how to’ on the support wiki 
website that explains how you can use 
the MPLAB development environment 
to perform debugging, but this is still a 
work in progress and is certainly not for 
individuals who are still learning about 
microprocessor development. 

The main area in the IDE, coloured 
white, is the editor where you will 
type in your program (or sketch, as the 
Arduino community like to say). The 
editor supports multiple open files 
through tabs. A new tab can be cre- 
ated by clicking the ‘right arrow’ icon 
on the top right-hand side of the win- 
dow. Pressing the ‘New’ icon or select- 
ing ‘File->New’ will simply start a new 
copy of MPIDE. Confusing, but as most 
sketches are intended to be single-file 
designs, not a great issue. 

There is an enormous amount of 
help available within the IDE, and it is 
worth going through the first four sec- 
tions under the menu option ‘Help’ to 
become acquainted. You can also read 
through the online wiki pages, and do 
visit the forum if you have a specific 
problem. 


Getting started 
By far the best way to get started is by 
trying out some of the example pro- 
grams available within the IDE; this 
gives you a simple introduction to the 
language, but also demonstrates that 
everything is in working order. 

We start by connecting the Uno32 
board to the PC using a USB cable. No 
external power is required; the board 
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Fig.1. The MPIDE Startup window 
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Fig.2. Find serial port 


can source all its power needs from the USB interface. 
Once connected, the PC should recognise the USB IC on 
the chipKIT board and install the serial driver. 

In the IDE, we can now tell it what Arduino board we are 
using. From the main menu select “Tools->Board’ and click 
on chipKIT Uno (at the top of the list). We should also tell 
the IDE what serial port to use to communicate with the 
chipKIT. The PC automatically created a serial port when 
you plugged the chipKIT in; you can find this port identi- 
fier from the Windows Device Manager. 

Start the Control Panel by selecting ‘Settings->Control 
Panel’ from the Windows Start button. Select ‘System’ 
from the list, then click on the Hardware tab, and finally 
click on the ‘Device Manager’ button. In the Device Man- 
ager window that opens, click on the plus beside the Ports 
entry to see your communication ports. An example is 
shown in Fig. 2. As you can see here, the USB serial port 
is called COM16. 

Back in MPIDE, select ‘Tools->Serial Port’. Click on the 
entry for your serial port (COM16 in our example.) 

This only needs to be done once, as the IDE will remem- 
ber these settings when started in the future. 


Example sketch 

We start with one of the simplest programs; blinking an 
LED. From the main menu, select ‘File->Examples->Basics- 
>Blink’. There are many examples that you can play with; 
almost sixty in total. The Blink example gives us a nice intro- 
duction to the language, and it fits conveniently on a single 
page. See Fig. 3. 

This shows nicely a key feature of Arduino Sketch pro- 
grams; they are contained within two blocks — a setup 
block and a loop block. The setup block is executed once 
only on powering up the board; the loop block is a series 
of commands that will run continuously. What you put in 
each is entirely up to you; the chipKIT board does not care. 
Typically, you would put variable initialisation and port 
pin directions in the setup block. 

The other key feature that this Sketch shows you is that 
the language is based very much on ‘C’. The setup block is 
actually a C function, which takes no parameters, and re- 
turns nothing (that’s what the void word on the start of the 
line means). 
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The language is defined fully in the Reference section 
under the Tools menu, but if you would like to understand 
how to design programs then tutorials on the C program- 
ming language would be a good place to start. 

This simple program uses three library functions — pin- 
Mode(), digitalWriteQ) and delay(). The pinMode() function is 
used to set a particular I/O pin — number 13 in this case — to 
an output direction. digitalWrite() can then be used to set a 
pin high or low, and the delay() function will pause execution 
for the number of millseconds specified. 

As you can see, there is no need to configure the pro- 
cessor for clock speed, operation mode etc. Nor are you 
required to scan the datasheet to work out what registers 
to write to in order to get a pin set as an output. So long as 
you understand what Arduino functions you can call, you 
can do an awfully large amount. 

Toggling I/O pins is, of course, a rather simple example; 
we will be using some more complex features — accessing 
the UART and SPI libraries — but there is still significantly 
less to learn, as we shall find out next month when we 
complete out first example application. 

So where are all the wonderful Arduino functions de- 
fined? All within the IDE! You can start with the Reference 
option under the Help menu, and the list continues if you 
click on the links under ‘Looking for something else?’ 


Our first project 

Our first ‘Sketch’ will be a device that combines a GPS re- 
ceiver module and a cheap full-colour graphics display. The 
idea is for a handheld device that will display your altitude 
about sea level, and show a graph of how that changes over 
time. An amusing vanity gadget for mountain bikers who 
like to know how extreme the terrain has been. 

The GPS is a small 3V module, used in a previous Cam- 
eraWatch project; the display is a former Nokia telephone 
display, now mounted on a daughter board by Olimex and 
sold through Farnell (part number 170-1544) This is also a 
3V device, and so should be easily connected to the Uno32. 

The GPS module requires a UART interface, and the Nokia 
display requires an SPI interface — so we will be making use 
of the UART and SPI library functions within MPIDE. 

What will be interesting to see is just how little knowl- 
edge of the processor and the peripheral interfaces we will 
need to complete this project. All will be revealed next 
month! 


Further reading 
e Diglent Website: www.digilentinc.com 
¢ MPIDE download page: https://github.com/chipKIT32/ 
chipKIT32-MAX/downloads 
e chipKIT support forum: www.chipkit.org/forum/ 
¢ chipKIT wiki: www.chipkit.cc/wiki 
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Fig.3. The Blink Sketch 
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On the dabble 

I don’t know about you, but I always like to have a cou- 
ple of hobby projects on the ‘back burner.’ These aren’t 
high-priority — just something I can dabble with when 
the mood takes me. One of my current projects is to cre- 
ate a diorama in an old television set. 

This all came about when I spotted a TV repair shop 
on my travels around the city I currently call home — 
Huntsville, Alabama, USA. This somewhat dingy old 
shop was located on a back street in a less-than-salubri- 
ous part of the city. The reason it caught my eye was — 
well, you just don’t see TV repair shops anymore. 

So I wandered into the shop to chat with its owner. 
One of the first things I noticed hiding at the back of 
the shop was an old television, which —I later discov- 
ered — dated from around 1953. It turned out that over 
the years most of this TV’s electronics (valves, coils, 
and suchlike) had been cannibalised to repair other 
sets, but the cabinet itself was in reasonably good con- 
dition, so I ended up purchasing it off him, because I 
had an idea. 

Generally speaking, I try not to do anything nasty to 
old pieces of electronic equipment. However, since this 
TV was ‘dead in the water’ and there was no reason- 
able chance of ever getting it to work again, I didn’t feel 
too bad about removing what was left of the electronics, 
including the main cathode ray tube. (I’ve saved any 
remaining vacuum tubes for ‘show and tell’ when I give 
an occasional talk to students.) 

At first, I couldn’t work out how to remove the glass 
from the front so I could clean it and also reach inside 
to work on my diorama from the front. I knew that there 
had to be a way, because I’m sure that screens were oc- 
casionally damaged and it would be silly to expect the 
repair man to disassemble everything just to replace 
the protective glass panel. And then, when I was mov- 
ing the cabinet around the garage, I grasped the strip of 
wood at the top of the screen and felt a screw hidden 
under the overhang. There are three such screws, and I 
am sure that if] remove them I'll be able to easily lift the 
glass out to allow me to play around. 


Max the caveman 

So what am I going to create a diorama of? Well, I’m 
thinking of creating a caveman scene similar to one I 
ran across in images on Google. In my case, the side 
of the cave closest to us will be the TV screen, so the 
‘entrance’ to the cave will be located toward the back 
of the set 

Of course, I’m not going to replicate this particular 
scene, but I do like the general idea. I’m thinking of hav- 
ing a wood fire in the middle of my cave, with folks 
sitting around it (I can use flickering LEDs to give a fire 
effect). 

Of particular interest are the mountains and sky and 
so forth that you can see through the entrance to the 
cave. In this example, they are painted onto a backdrop. 
In my case, however, I’m planning on having a flat- 
screen LCD mounted on the back of the TV set. I will 


Beans 


By Max The Magnificent 


use a cheap-and-cheerful notepad computer to drive 
this, which will allow me to display a variety of differ- 
ent scenes, as required. 


An example caveman diorama, as seen on Google 


In fact, I could tie this to the time of day, so that day- 
time and nighttime in the real world are mirrored in the 
model. I could have clouds gradually moving across the 
sky in the day; and then a huge moon, shooting stars 
and fantastic images of the Milky Way visible at night. 
I could also present really amazing lightning displays 
in the model when it’s storming outside my house in 
the real world. Maybe | could go one further and map 
events seen through the entrance to the cave in the 
model onto the four seasons in the real world (snow in 
the winter, and so on and so forth). 


On the rocks 

I’ve been meandering around the Internet looking at 
different images of caves, just to gather some thoughts 
about different structures, the shaping of the walls, 
textures and colors and suchlike. My problem is that 
I’m wondering how to obtain a realistic-looking rock 
texture for my model. As a first pass, I’m planning on 
creating a framework out of chicken wire, overlay- 
ing this with papier mdché, and painting it to look 
like rock. The only problem is that I’ve never done 
anything like this before, so I’m not sure how it will 
turn out. 

I have looked on Amazon for books on creating diora- 
mas and landscapes for railway models, but each one 
I’ve found thus far has had mixed reviews — some folks 
say ‘this is great’, while others say ‘this is rubbish’ or 
‘you can’t get these materials anymore’; none of which 
is tremendously encouraging. 

But the main thing is I’m having a lot of fun planning 
this and experimenting with different techniques. And 
I really cannot wait until the diorama itself is complete 
and I can start to experiment with displaying different 
scenes on the computer screen in the background. 


Until next time — have a good one! 
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Free Stencil 
Get a free SMD laser stencil 
with every Prototype order 


3D PCBs: Hands-on 
collision check 


Assembly servic 


Even one component possible 


Cool 
Alu-Core IMS PCBs 


Free Phone UK: 0800 389 8560 
sales@pcb-pool.com 


i Te oe deerme EDM) } 
comm FE es 20x one, cr | 7 


PCB-PO! is a registered trademark of 


www.pcb-pool.com Beta 


LAYOUT 


SHERWOOD ELECTRONICS 


Buy 10 x £1 Special Packs and choose another one FREE 


SP1 15 x 5mm Red Leds SP131 2xTLO71 Op-amps 

SP2 12 x 5mm Green Leds SP133 20 x 1N4004 diodes 

SP3 12 x 5mm Yellow Leds SP134 15 x 1N4007 diodes 

SP5 20 x 5mm 1 part Led clips SP135 5 x Miniature slide switches 

SP6 15 x 3mm Red Leds SP137 4x W005 1.5A bridge rectifiers 

SP7 12 x 3mm Green Leds SP138 20 x 2.2/63V radial elect caps 

SP8 10 x 3mm Yellow Leds SP142 2x Cmos 4017 

SP9 20 x 3mm 1 part Led clips SP143 5 Pairs min. croc.clips (Red+Blk) 

SP10 100 x 1N4148 diodes SP144 5 Pairs min. croc. clips (assorted 

SP11 30 x 1N4001 diodes colours) 

SP12 30 x 1N4002 diodes SP146 10 x 2N3704 transistors 

SP18 20 x BC182B transistors SP151 4 x 8mm Red Leds 

SP20 20 x BC184B transistors SP152 4 x 8mm Green Leds 

SP23 20 x BC549B transistors SP153 4x 8mm Yellow Leds 

SP24 4x Cmos 4001 SP154 15 x BC548B transistors 

SP25 4x 555 timers SP155 6 x 1000/16V radial elect. caps 

SP26 4x 741 Op-amps SP160 10 x 2N3904 transistors 

SP28 4x Cmos 4011 SP161 10 x 2N3906 transistors 

SP29 4x Cmos 4013 SP164 2x C106D thyristors 

SP33 4x Cmos 4081 SP165 2x LF351 Op-amps 

SP34 20 x 1N914 diodes SP166 20 x 1N4003 diodes 

SP36 25 x 10/25V radial elect caps SP167 5 x BC107 transistors 

SP37 12 x 100/35V radial elect caps SP168 5 x BC108 transistors 

SP38 15 x 47/25V radial elect caps SP172 3 x Standard slide switches 

SP39 10 x 470/16V radial elect caps SP173 10 x 220/25V radial elect caps 

SP40 15 x BC237 transistors SP174 20 x 22/25V radial elect caps 

SP41 20 x Mixed transistors SP175 20 x 1/63V radial elect caps 

SP42 200 x Mixed 0.25W CF resistors SP177 8 x 1A 20mm quick blow fuses 

SP47 5 x Min. PB switches SP178 8 x 2A 20mm quick blow fuses 

SP49 4x4 metres stranded core wire SP181 5 x Phono plugs — assorted 

SP102 20 x 8 pin DIL sockets colours 

SP103 15 x 14 pin DIL sockets SP182 20 x 4.7/63V radial elect caps 

SP104 15 x 16 pin DIL sockets SP183 20 x BC547B transistors 

SP109 15 x BC557B transistors SP186 6 x 1M horizontal trimpots 

SP112 4x Cmos 4093 SP189 4x 4 metres solid core wire 

SP115 3x 10mm Red Leds SP192 3 x Cmos 4066 

SP116 3x 10mm Green Leds SP195 3 x 10mm Yellow Leds 

SP118 2x Cmos 4047 SP197 6 x 20 pin DIL sockets 

SP124 20 x Assorted ceramic disc caps SP198 5 x 24 pin DIL sockets 

SP130 100 x Mixed 0.5W CF resistors SP199 4x 2.5mm mono jack plugs 
SP200 4x 2.5mm mono jack sockets 


RESISTOR PACKS - C.Film 
5 each value - total 365 - 0.25W £3.65 
10 each value - total 730-0.25W = £4.95 
1000 popular values - 0.25W £7.00 
5 each value — total 305 - 0.5W £4.65 
10 each value - total 610 - 0.5W £7.40 
1000 popular values - 0.5W £10.15 
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515 200kHz eee Gen £33. 
610 3Ch. AC Col. Organ 


CRICKLEWOOD 
ELECTRONICS 


Established 1981 


Frustrated with your supplier? 
Visit our component packed 
website for a vast range of 
parts - old and new, 

many unavailable elsewhere! 


1000’s OF PRICES REDUCED! 


Alternatively phone us on 
020 8452 0161 with your 
requirements. 


u) 


www. VEeeaemticlectronics. com 


Visit our shop at: 
40-42 Cricklewood Broadway 
London NW2 3ET 


Technobots 


Electronic & Mechanical Components 


Passsives, 
Semiconductors 
Sensors Controller Boards 


connectors PICAXE & 
Sprockets etc.. Arduino 
Mectrock: (ts & Modules 
2902- Canakit Kits & Assembled (A) 624 AC 8-Light Chase £35.56 e 
005 2x2A Motor Contr.A £33.46 628 DC 8-LightChase £35.56 
020 5A Motor ControllerA £16.72 710 Temp Control £20.89 : 


030 7A Motor ControllerA £33.46 720 Led Thermometer £25.08 
040 30AMotor Contr.A £29.27 905 5-LED Voltmeter £9.38 Breakout Board: 
050 50AMotor Contr.A £50.21 955 MiniLED Blinker £6.24 Pfeakout Boards 


051 LCD Disp. for 050A £15.04 from Sparkfun 
105 0.5W MiniAmplifier £10.01 2904-Kitronik Kits | Katronah | 

110 MP3 2W StereoAmp £16.70 201 Alarm £4.78 _ 
115 7WAudio Amplifier £13.36 202 Battery Tester £3.94 . 


120 10W Audio Amplifier £10.85 203 Memory Game £5.68 


130 14W Stereo Amp £21.73 556 Timer £4.68 =” 
140 20W Power Amplifier £15.04 Xylophone £5.68 

150 2x20W StereoAmp £25.08 Bike Light £2.10 Shafts & 
170 Dyn Mic Preamp £9.17 Dice £4.75 Adaptors 
175 Dyn Mic Mini Amp £11.68 Thermometer fOulih 

177 Electret Mic preamp £10.01 Easy Timer £2.35 >| 
179 Electret Mic Amp £11.68 Light Switch £1.85 } 
181 Voice Activ. Switch £20.05 Heat Switch LAL 

183 Delay Echo/ Reverb £50.21 LED Torch £3.07 

186 10-LED VU Meter £16.70 MP3 Mono Amp £3.78 / 

205 Uni 1 Hour Timer £15.04 Quiz Buzzer £5.76 

210 5/50 Minute Timer £15.04 Sq Wave Gen £3.30 160+ de model 
215 Mini 10m Timer £8.33 7-Seg Counter £5.40 motors + speed 
230 Cyclic 1m Timer £19.22 Colour Night Light £2.96 controllers 
240 Cyclic 5m Timer £19.22 Prog Timer £4.12 

250 Cyclic 60m Timer £19.22 Prog Music Box £4.32 o 

280 Cyclic 15Hr Timer £25.08 Motor Controller £13.50 = 

305 Mini USB PIC ProgA £41.83 PIC 8-Pin Dev £4.86 4 ‘ 
310 USB PIC Progr. A £58.57 PIC 8-Pin Proj £3.12 a a) 

405 USB Relay Contr.A £50.21 PIC Frisbee £6.30 Gears, Pulleys 
505 Square Wave Gen = £7.50 Col. USB Lamp £2.94 & Cams 


510 Sine/ Square Wave £21.73 White USB Lamp £2.93 


4 Solar Light £5.68 
99 235 FM Radio =" 


www.technobotsonline.com 
Shop callers welcome: Technobots Ltd, 60 Rumbridge Street, 
Totton, Hampshire SO40 9DS_ Tel: 023 8086 4891 
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EPE |S PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


Complex electronic 
systems in minutes 


oo 


New features include: 
+ Ccode views and customisation 
* Simulation improvements 

+ Search and replace 

- New variable types 

+ Project auto-documentation 

+ Project explorer 

* Bookmarks 

+ Improved chip interrupt features 
* Compilation errors and warning 
+ Interrupts overhaul 


gpriowsons 4 


— Ave 


PRICES Prices for each of the CD-ROMs above are: 
(Order form on third page) 


(UK and EU customers 
add VAT to ‘plus VAT’ 


Professional (Schools/HE/FE/Industry) 
prices) 
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Hobbyist/Student................00. 


Professional and Flowkit bundle ...... 


FLOWCODE 5S 


The FlowKit can be connected to hard- 
ware systems to provide a real time 
debug facility where it is possible to 
step through the Flowcode program on 
the PC and step through the program 
in the hardware at the same time. The 
FlowKit can be connected to your own 
hardware to provide In-Circuit Debug 
to your finished designs. 


Flowcode 4 
AVR/ARM/DSPIC Flowcode 5 
& PIC24 PICMICRO only 
oooooeecod £45.95 inc. VAT £58.80 inc. VAT 
ann evaneraetaice £149.00 plus VAT £199.00 plus VAT 
peste eistat state tts N/A £216.00 plus VAT 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
development board 
Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PICmicro projects 

e Supports low cost Flash-programmable PilCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


HARDWARE 


e Supports PlCmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V4 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vlab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator e 
Tests, exercises and projects covering a wide 
range of PICmicro MCU applications e Includes 
MPLAB assembler @ Visual representation of a 
PiCmicro showing architecture and functions @ 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 
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£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlICmicro devices — including a full 
C compiler for a wide range of PlCmicro devices. 

Although the course focuses on the use of the 
PlCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @e Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PliCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 


wee = O29 Gees pee fe 
mee fe —— ae 


“Winimum system requirements for inese 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 

hard disk space. 
Flowcode will run on XP or later 
operating systems 


Flowcode Professional (Schools/HE/FE/Industry) . . .£149 


Flowcode 10 user (Network Licence) 
Flowcode Site Licence ... 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PiCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

@ Facilitates learning via a full suite of 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

e (2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 


inc VAT 
plus VAT 
plus VAT 
plus VAT 
plus VAT 
plus VAT 
plus VAT 


61 


CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 


combines circuit design, 


PCB design, simulation and CAD/ 


CAM manufacture in one complete package. 
Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 


to construction! 


* Circuit diagram design with component library (600 components 


Standard, 1500 components Professional) 


* Virtual instruments (4 Standard, 7 Professional) 


#* On-screen animation 

* Interactive circuit diagram simulation 
* True analogue/digital simulation 

* Simulation of component destruction 
* PCB Layout 

#* Interactive PCB layout simulation 

%* Automatic PCB routing 

* Gerber export 

* Multi-level zoom (25% to 1000%) 

#* Multiple undo and redo 

%* Copy and paste to other software 


# Multiple document support 


EPE PIC 


RESOURCES V2 


Version 2 includes 

the EPE PIC 

Tutorial V2 series of 

Supplements 

(EPE April, May, 

June 2003) 

The CD-ROM con- 

tains the following 

Tutorial-related 

software and texts: 

@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 
John Becker, April, May, June ’03 

@ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct 01 

@ PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov ’01 

Plus 18 useful texts to help YOU get 

the most out of your PIC programming. 

Price £14.75 inc. VAT 


ELECTRONIC 


COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images 
of electronic 
components. 
This selection of 
high resolution 
photos can be 
used to enhance 
projects and presentations or to help with 
training and educational material. They 
are royalty free for use in commercial or 


This software can be used with the Teach-/n 2011 series (and the Teach-/n 4 book). 
Standard £61.25 inc. VAT 
Professional £91.90 inc. VAT 


personal printed projects, and can also 
be used royalty free in books, catalogues, 
magazine articles as well as worldwide 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 


space. Windows 2000/ME/XP, mouse, sound card, web browser. 


web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
for Windows, with quick-start notes 
included. 


Price £19.95 inc. VAT 


CL] Assembly for PiICmicro V4 

Oi ‘C’ for 16 Series PlCmicro V4 
LO Flowcode for PiCmicro 
Flowcode for AVR 

C1 Flowcode for ARM 

CL Flowcode for dsPIC & PIC24 


Please send me: CD-ROM ORDER FORM 


Version required: 


Hobbyist/Student 
Professional 
Professional 10 user 
Professional + Flowkit 
Site licence 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for airmail 


Note: The software on each version is the same, only the licence for use varies. 


postage per order 


C1 PiCmicro Development Board V3 (hardware) 


Professional, Multiple User and Site License 
Versions — overseas readers add £5 to the basic 

price of each order for airmail postage (do not 
add VAT unless you live in an EU (European 
Union) country, then add VAT at 20% or provide 
your official VAT registration number). 
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PIC Training Course 


New Hardware! P931 Course £148 


The control PIC of our programmer now has two modes of operation, its normal 
programming mode, and a USB to USART mode. Programme your PIC in the 
usual way then flip the red switches and your PIC can use the control PIC as a 
serial link to your PC. All designed to make the learning process as straightforward 
as possible. We have also reduced the component count and lowered the price. 


The course follows the same well proven structure. We begin learning about 
microcontrollers using the incredible value 18 pin PIC16F1827. At the heart of 
our system are two real books which lie open on your desk while you use your 
computer to type in the programme and control the hardware. Start with four 
simple programmes. Run the simulator to see how they work. Test them with real 
hardware. Follow on with a little theory..... 


Our PIC training course consists of our PIC programmer, a 318 page book 
teaching the fundamentals of PIC programming, a 304 page book introducing the 
C language, and a suite of programmes to run on a PC. Two ZIF sockets allow 
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed 
at 5 volts then verified at 5 volts and 2 volts or 3 volts. 

P931 PIC Training & Development Course comprising 
USB powered 16F and 18F PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with PIC C 6th Edition 
+ PIC assembler and C compiler software on CD 
+ PIC16F1827, PIC16F1936 & PIC18F2321 test PICs 
+ USB Cable. « sc icstimassssccccarcosiininyen eax Oo . £148.00 
(Postage & insurance UK £10, Europe £20, Rest of world £30) 


Experimenting with PIC Microcontrollers 


This book introduces PIC programming by jumping straight in with four 
easy experiments. The first is explained over seven pages assuming 
no starting knowledge of PICs. Then having gained some experience 
we study the basic principles of PIC programming, learn about the 8 
bit timer, how to drive the liquid crystal display, create a real time clock, 
experiment with the watchdog timer, sleep mode, beeps and music, 
including a rendition of Beethoven’s Fur Elise. Then there are two projects 
to work through, using a PIC as a sinewave generator, and monitoring 
the power taken by domestic appliances. Then we adapt the experiments 
to use the PIC18F2321. In the space of 24 experiments, two projects 
and 56 exercises we work through from absolute beginner to experienced 
engineer level using the very latest PICs. 


Serial Coms Extension £31 


This third stage of our PIC training course starts with 
simple experiments using 18F PICs. We use the PIC to 
flash LEDs and to write text to the LCD. Then we begin 
our study of PC programming by using Visual C# to create 
simple self contained PC programmes. When we have a 
basic understanding of PC programming we experiment 
with simple PC to PIC serial communication. We use the 
PC to control how the PIC lights the LEDs then send text 
messages both ways. We use Visual C# to experiment with 
using the PC to display sinewaves from simple mathematics. 
Then we expand our PC and PIC programmes gradually 
until a full digital storage oscilloscope is created. For all these 
experiments we use the programmer as our test bed. When 
we need the serial link to the PC we flip the red switches to 
put the control PIC into its USB to USART mode. 


The second half of Experimenting with Serial 
Communications 4th Edition starts with an introduction 
to our Easy USB. Then we repeat some of the serial 
experiments but this time we use a PIC18F2450 with its 
own USB port which we connect directly to a USB port of 
your PC. We follow this with essential background study 
then work through a complete project to use a PIC to 
measure temperatures, send the raw data to the PC, and 
use the PC to calculate and display the temperature. 


Easy USB is a perfect solution for simple and medium 
complexity project. For complex projects or where the 
timing is critical it is best to split the action between two 
or more PICs. In the last chapter of the book we complete 
the study by learning how to use the library routines to 
programme a PIC18F2450 as a USB to USART converter. 


290 page book + PIC18F2450 test PIC + USB lead.. £31 


Ordering Information 


Our P931 programmer connects directly to a USB port on 
your PC and takes its power from the USB. All software 
referred to in this advertisement will operate within Windows 
XP, NT, 2000, Vista, 7 etc. Telephone for a chat to help make 
your choice then use Google checkout to place the order, or 
send cheque/PO, or request bank details for direct transfer. 
All prices include VAT if applicable. 


White LED and Motors 


Our PIC training system uses a very practical approach. 


Experimenting with PIC C 
The second book starts with an easy to understand explanation of how 
to write simple PIC programmes in C. Then we begin with four easy 
experiments to learn about loops. We use the 8/16 bit timers, write text and 
variables to the LCD, use the keypad, produce a siren sound, a freezer 
thaw warning device, measure temperatures, drive white LEDs, control 
motors, switch mains voltages, and experiment with serial communication. 


Web site:- www.brunningsoftware.co.uk 


Mail order address: 


Brunning Software 


Towards the end of the PIC C book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs. 

We use a PIC16F 1827 as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 
the speed of a DC motor with maximum torque still available. A kit 
of parts can be purchased (£31) to build the circuits using the white 
LEDs and the two motors. See our web site for details. 


138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308 


—— aurTing Me Internet Hg 


by Alan Winstanley 


Clocking your car 


T HIS month’s Net Work examines some of the issues 
surrounding our online privacy, and considers the 
trends emerging in real-time image analysis. 

Back in the February column, I highlighted a high- 
resolution webcam (the HD 720p Logitech 9000) that is 
typical of many high quality USB cameras now on sale. 
Apart from Skyping or capturing video in a much higher 
resolution than its predecessors, Logitech’s HD camera 
can scan and recognise barcodes and QR codes in a trice, 
helped by appropriate software. Like similar webcams, it 
can also ‘recognise’ faces of subjects to track their motion, 
or superimpose fun effects on the subject by locating their 
basic facial features and playing tricks with the image. 

A number of digital and video cameras use facial 
recognition to detect smiles, motion or blinking, to help the 
user take a shot at the optimum time. Facial recognition 
is not new, but it is part of the technological trend of 
analysing images and doing more intelligent things with 
the data. Indeed, some ten years ago I reported on a trial 
experiment in which the faces of pedestrians or passers- 
by were scanned (at, say, an airport check-in) by cameras 
which tried to compare them against a database of photos of 
criminals, or persons who interested the authorities. 

The state of the technology, bandwidth and computing 
capacity made the idea barely usable at the time. However, 
by the mid 2000s, facial recognition was evolving with 
mobile applications being deployed by the US police. 
Systems could then analyse biometric data, including facial 
features, skin textures, fingerprints and iris patterns more 
successfully. 


Licensed to fine! 

Since then, digital camera and image processing 
technologies have jumped in their capabilities. Computer 
users who own a flatbed scanner will know of OCR (optical 
character recognition), in which software is used to convert 
printed text into computer data. In a Tesco supermarket car 
park recently, my mobile phone detected the Wi-Fi network 
used by Tesco’s ANPR (automatic number plate recognition) 
cameras. The car-park cameras ‘clock’ (scan) visitors when 
they arrive and images are transmitted wirelessly to a 
central system where the number (license) plates can be 
scanned and recognised. 

Overseas readers might be surprised to know that any 
shopper unfortunate enough to overstay their three-hour 
visit receives a £70 ($110) penalty notice in the mail, helped 
by the UK car licensing authority (the DVLA) which plays 
fast and loose with our details. It happily releases citizens’ 
data in relation to civil disputes, such as private car-parking 
infringements, in a breach of personal privacy that many 
seem to shrug off and accept. This is highly symptomatic of 
how we have slowly allowed our data privacy to be eroded. 

In Tesco’s favour, UK readers having a Tesco Clubcard 
can now register for Tesco’s free Wi-Fi (available in Extra 
stores only) by entering their Clubcard number in their 
device’s Wi-Fi setup. See: www.tesco.com/clubcard/wifi/). 
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The setup was a doddle but, strangely, although my phone 
clearly connects, I have yet to be able to check POP3 email 
successfully using Tesco Wi-Fi. 

Car number plates are not the only thing that can be scanned 
and recognised by computer systems. Google Images has 
long offered a simple image search, which displays a gallery 
of image thumbnail ‘hits’ in response to a search query. You 
can also drag an image from your hard disk onto the Google 
Image Search box at http://Aimages.google.com/ and Google 
will search the web for any matches. However, I couldn’t 
make this feature work when I tested it. 

Photos and graphics published on the web are also indexed 
by several third-party websites, including TinEye (www. 
tineye.com). Their ‘Reverse Image Search’ endeavours to 
match the pattern of pixels in an image to generate a hit- 
list of matches from around the web. You can download 
the TinEye web browser plug-in to streamline this search in 
your web browser. 

The Israeli firm PicScout, now owned by Getty Images, 
uses sophisticated image-scanning technology to pinpoint 
on the web any copies that match Getty’s library of 25 
million images. The scanning techniques also sniff out 
distorted, cropped, reversed or Photoshopped images. 
Potential infringers may face an expensive claim for breach 
of copyright, one reason why properly accounted-for 
‘royalty free’ (RF) images should be used on websites: it’s 
wise to keep records of their sources for ever (tip: upload 
license details to the cloud as well, as described last month). 


| ne mom 87 — i “ | 
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Google Search can find air flights to suit, and suggest prices (US 
only) 


Looks Familiar 

You might wonder where real-time ‘reading and recognising’ 
of online images might lead, especially if you mix into 
this the relentless trends in social networking. It’s an area 
that is dedicated to joining up the dots between users, 
often without them giving a second thought about any 
future implications. Speaking personally, I still have deep 
reservations about Facebook, as I worry about the way in 
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which I feel some users eagerly lay bare their lives without 
thinking about the possible consequences. 

Facebook is heading towards an IPO valuing it at $75 
billion. It previously had its knuckles rapped in Europe 
and the US over the way it changed default privacy settings 
without users’ prior consent. Many users post all sorts of 
personal details and photos on Facebook, and its name- 
tagging feature (which can be disabled) can automatically 
suggest the names of friends, based on Facebook’s system 
for comparing photos that have been ‘tagged’ with a name. 
The tags could be seen by certain other Facebook users (eg, 
friends of the person you just tagged), depending on your 
privacy settings. 

The privacy options are much too complicated to explain 
here, so if you want to know all about Facebook and name 
tags, go to http://Ainyurl.com/79326tk. A chart showing the 
maze Facebook users had to navigate to understand their 
50+ Facebook privacy settings was published online in 2010 
by the New York Times at: http:/Ainyurl.com/2umddlb. 

Google too has been dabbling with image analysis since 
2006, when it bought the specialist firm Neven Vision to 
help solve the problem of recognising objects contained in 
images. That’s why Google Street View can automatically 
pixelate vehicle number plates and human faces in images 
to protect privacy. Other than that, Google has wrestled with 
the thorny problems of privacy for some time, and it recently 
decided to roll up no less than 60 different privacy policies 
into one. Their own name-tagging feature was originally 
pencilled into Google’s Picasa photo album-sharing site in 
2008. The latest Picasa 3.9 lets you share name tags on the 
Google+ social network, but only if the subjects of the photo 
agree. See http://tinyurl.com/7t5rwgo for details. 

Google continues in its quest to connect everyone to 
everything, whether we need it or not. Often, existing data is 
aggregated into a human-recognisable format. For example, in 
the US you can use Google Search to check airline flights and 
compare prices, refining your search by airline, the number 
of stops or the date. Google has also expanded its real-time 
road traffic maps to show traffic flow on major routes around 
the world. Road congestion can be seen in Google Maps 
by enabling the Traffic layer, which can be superimposed 
over the satellite image or map. Traffic densities are shown 
by coloured routes changing from green to red/black. My 
screenshot shows a Google Map view of the roads around the 
brand new London 2012 Olympics stadium. And of course, 
you can download in-car or walking navigation instructions 
courtesy of Google as well. 


\ . 
Select the Traffic layer (ringed) in Google Maps to view real-time 
traffic density (major locations only) 


Voice recognition of search requests is also heading 
our way — Apple offers Siri on its iPhone 4S and Google’s 
answer for Android is dubbed Majel. The latest desktop- 
based speech-recognition programs such as Nuance’s 
Dragon Naturally Speaking are said to be fantastically good, 
although mobile products such as Apple’s Siri have some 
way to go, especially if you talk with a heavy accent. The 
moment has arrived when, after giving it a little training, you 
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can ask a device some questions or utter commands, and a 
mobile smartphone or web browser will respond directly 
with the answer. Facial and gesture recognition software and 
hardware are improving all the time and some audio-visual 
software can actually lip-read. Isn’t that something? 


Cookie monster 

It’s no coincidence that when I checked numerous websites, 
any that carried Google Adsense adverts displayed an ad 
from a UK-based PC vendor whose website I’d visited 
recently. Google’s highly-tuned advertising machinery 
ensures that focused advertisements can be targeted 
throughout its network. As another sign of how Internet 
users shrug about their online privacy, ‘persistent cookies’ 
can be dropped onto the PC when visiting many websites, 
often without one’s direct knowledge. (By contrast, a 
‘session cookie’ disappears after you leave the website, 
eg, for online banking.) Cookies are generally benign and 
although an individual cannot be personally identified from 
them, they can help to feed your surfing profile to online 
advertisers resulting, in my case, in a targeted advert from a 
PC supplier, together with (joy) a money-off voucher code. 
Cookies also help websites to remember your preferences. 

Changes in European law (enshrined in the UK’s Privacy 
and Electronic Communications Regulations) are in the 
pipeline that control how cookies may be dropped onto 
a visitor’s computer or mobile device. A subtle change of 
law means that users’ consent would be needed if cookies 
were used. One hope is that web browsers will be updated, 
enabling users to configure the sort of cookies they wish to 
receive. Work on this aspect is ongoing. 

If cookies are not a privacy issue, then you might be 
unnerved by the principles of Geo IP, or Geographical 
IP, in which a user’s physical location is estimated from 
IP data and other records for anti-fraud, visitor profiling 
or marketing purposes. One Geo IP specialist MaxMind 
(www.maxmind.com) says of its service, ‘We employ user- 
entered location data from sites that ask web visitors to 
provide their geographic location. We then run millions of 
these datasets through a series of algorithms that identify, 
extract, and extrapolate location points for IP addresses.’ 
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MaxMind supplies Geo IP services for online marketing and 
anti-fraud purposes. Try their demo 


The free demo: www.maxmind.com/app/locate_my_ip 
showed my IP address and ADSL supplier’s name, my 
county and exact town name, and it had a pretty good guess 
at my longitude and latitude, although another Geo IP site 
got my location laughably wrong. These on-the-fly results 
can help to profile an actual Internet user like no cookie 
can. Geo IP methods can ‘tune’ online advertising to deliver 
local-interest ads that will appeal to individuals: if you’re 
in New York you might see banner ads imploring you to eat 
more New York bagels, but if you live in London you might 
see ads for London Olympics attractions instead. 

I hope you enjoyed this month’s Net Work. We love to 
hear from readers, and you can email me at alan@epemag. 
demon.co.uk or write to editorial@wimborne.co.uk for 
possible inclusion in Readout. 
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WIN AN ATLAS LCR 


ANALYSER WORTH £79 


An Atlas LCR Passive Component Analyser, 
kindly donated by Peak Electronic Design 
Ltd, will be awarded to the author of 
the Letter Of The Month. The Atlas LCR 
automatically measures inductance from |mH 
to 10H, capacitance from IpF to 10,000uF 
and resistance from 1Q to 2MQ with a basic 
accuracy of 1%. www.peakelec.co.ulc 


Matt Pulzer addresses some of the general points 
readers have raised. Have you anything interesting to say? 


Drop us a line! 


All letters quoted here have previously been replied to directly Email: editorial@wimborne.co.uk 


w LETTER OF THE WONTW x 


SI prefixes for the uninitiated 


Dear editor 
Newcomers to hobby electronics may 
be confused by the large number of 
prefixes to the basic units we tend 
to use. For most practical purposes, 
the units for frequency (the hertz, 
abbreviated to Hz), capacitance (the 
farad, F), resistance (the ohm, Q) 
and current (strictly the ampere, 
but universally called ‘amp’, A) are 
almost always used with prefixes, 
because the basic unit is either too 
small or too big to be used on its own. 
Only the unit for voltage (the volt, V) 
is commonly used without a prefix, 
unless of course you're a high-voltage 
person and regularly work in kV. 
Probably the first prefixes you will 
learn are ‘milli’ (one thousandth, for 
milliamp, usually abbreviated to mA), 
‘kilo’ (1000, as in kQ), and ‘mega’ (one 
million, as in MHz for megahertz). 
Here’s a useful reference table of all 
the 20 internationally-agreed prefix 
symbols and their meanings, as 
defined by the International System 
of Units (SI). These are used to form 
decimal multiples and submultiples 
of SI units. 


Note the use of some upper case and 
some lower case letters for the prefixes. 
These should be strictly adhered to for 
correctness, and this avoids confusion 
between, for example, mega (M) 
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and milli (m), which, of course, are 
separated by a factor of 10°. You often 
see these prefixes used wrongly in the 
popular press. 

There is also a risk of confusion 
between k for kilo, denoting 1000 
(that is 10°) and 1024 (2"°), and also 
M for mega, denoting 1,000,000 
(10°) and 1,048,576 (27°), often used 
in the unit megabyte. These latter 
definitions, employing powers of 2, 
are commonly used where binary 
arithmetic is common, such as in 
computing to define an amount 
of memory in a computer, or the 
capacity of a hard drive. Hard drives 
are becoming so dense nowadays that 
they are starting to be measured in 
terabytes. 


Large to small 
When I first got interested in 
electronics in the 1960s, pF (for 
picofarads) hadn’t quite gained 
common use. You could see in 
magazine articles and marked on 
capacitors, some number of wuF for 
the value of the capacitor, that is a 
million-millionth of a farad, which 
is, of course, a pF, which we always 
use today. 

The prefixes most 


Y yotta |,000,000,000,000,000,000,000,000 + 10% commonly used now 
Fé zetta |,000,000,000,000,000,000,000 10?! in electronics and 
E exa 1,000,000,000,000,000,000_ 10'8 radio are in the range 
P peta | ,000,000,000,000,000 10!5 (from large to small) 
aly tera 1,000,000,000,000 10!” — giga (usually to 
G giga 1,000,000,000 10° denote an extremely 
M mega 1,000,000 10° high frequency 
k kilo 1,000 10° in GHz) to femto 
h hecto 100 10? (sometimes used to 
da deka 10 10! denote an extremely 
d deci 0.1 10" low current in fA, 
ic centi 0.01 10? or a very small 
m milli 0.001 10° capacitance in fF). 

L micro 0.000,001 10¢ With the full list 
n nano 0.000,000,001 10° shown earlier, you 
Pp pico 0.000,000,000,001 10:7 are now prepared 
f femto _ 0.000,000,000,000,001 IK for the day when we 
a atto 0.000,000,000,000,000,00! 10-8 will be commonly 
z zepto 0.000,000,000,000,000,000,001 107! working in yottahertz 
y yocto 0.000,000,000,000,000,000,000,00!1 10% (YHz, 10% Hertz) and 


yoctoamps (yA, 10** 

A). Well, maybe not yoctoamps, it’s the 

current caused by the passage of one 
electron every two days! 

In electronics, hecto, deka, deci 

and centi are rarely used, so if you 


need a 10 resistor, don’t go asking 
for a dekaohm resistor because you'll 
be met with a blank stare. 


Stef Niewiadomski, by email 
Matt Pulzer replies: 


Thank you Stef, a most useful 
summary — and I certainly agree about 
errors in the popular press (and often 
press that should know better) — they 
get it wrong on a regular basis. For me, 
it’s the written equivalent of squeaky 
chalk on a blackboard. 

I'‘dlike to add afew more points. Even 
if the unit is name based, for example 
newton, hertz or tesla, or name derived 
such as volt (Volta) or amp (Ampére) - 
it is written with lower case (apart from 
at the start of a sentence). Only ever 
pluralise the written out version, never 
the abbreviated unit — volts is fine, Vs 
means volt-second. 

Nobel prizes are two a penny, they 
hand them out every year! If you 
really want to be honoured in science, 
then having a unit named after you is 
about as good as it gets. And the top 
honour is to have a fundamental unit 
named after you. 

Choosing which physical properties 
are ‘fundamental’ is to some extent an 
arbitrary decision based on what is easy 
to measure — or simply too useful to be 
avoided, but in the SI system it is mass, 
length, time, absolute temperature, 
electrical current, luminous intensity 
and ‘amount of a substance’. The units 
are kilogram (kg), metre (m), second 
(s), kelvin (K), ampere (A), candela 
(cd) and mole (mol). Of these, only the 
Scotsman Lord Kelvin and Frenchman 
André-Marie Ampére took top billing. 

The other units are not based on 
names. ‘Gram’ comes from the Latin 
gramma, meaning a small weight. 
‘Metre’ comes from the Greek metron, 
which simply means a ‘measure’, as 
in ‘metrology’, the scientific study 
of measurement. ‘Second’ comes 
from the Latin secundus, the second 
division of the hour (after minute) - 
the same system we use today. Mole 
is a relatively new unit and comes 
from the German Molekul. Candela 
is another Latin word, which simply 
means candle. 
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DIRECT BOOK SERVICE 


ELECTRONICS TEACH-IN BUNDLE - 
CIAL BUNDLE PRICE £14 FOR PARTS 1,2 &3 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 
INTRODUCTION 
This Teach-In series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to using 
the C programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance 
Parts Selector V2.32; Treelink; Motor Control Solutions; 
16-bit Embedded Solutions; 16-bit Tool Solutions; Human 
Interface Solutions; 8-bit PIC Microcontrollers; PIC24 
Micrcontrollers; PIC32 Microcontroller Family with USB 
On-The-Go; dsPIC Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 


Book and CD-ROMs 


ELECTRONICS 


ELECTRONICS TEACH-IN 4 


A Broad-Based Introduction to 
Electronics plus FREE CD-ROM 

The Teach-In 4 book covers three of the most important 
electronics units that are currently studied in many schools and 
colleges. These include, Edexcel BTEC level 2 awards and the 
electronics units of the new Diploma in Engineering, Level 2. 

The Free cover-mounted CD-ROM contains the full Mod- 
ern Electronics Manual, worth £29.95. The Manual contains 
over 800 pages of electronics theory, projects, data, assem- 
bly instructions and web links. 

A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


144 pages Order code ETI4 £8.99 


PROJECT 


CONSTRUCTION 


IC 555 PROJECTS 

E. A. Parr 

Every so often a device appears that is so useful that one 
wonders how life went on before without it. The 555 timer 
is such a device. Included in this book are over 70 circuit 
diagrams and descriptions covering basic and general 
circuits, motor car and model railway circuits, alarms and 
noise makers as well as a section on 556, 558 and 559 
timers. (Note. No construction details are given.) A reference 
book of invaluable use to all those who have any interest in 
electronics, be they professional engineers or designers, 
students or hobbyists. 


Order code BP44 £5.49 


HOW TO USE OSCILLOSCOPES AND OTHER 
TEST EQUIPMENT 

R. A. Penfold 

This book explains the basic function of an oscilloscope, 
gives a detailed explanation of all the standard controls, and 
provides advice on buying. A separate chapter deals with 
using an oscilloscope for fault finding on linear and logic 
circuits, plenty of example waveforms help to illustrate the 
control functions and the effects of various fault conditions. 
The function and use of various other pieces of test 
equipment are also covered, including signal generators, 
logic probes, logic pulsers and crystal calibrators. 


Order code BP267 £5.49 


167 pages 


104 pages 
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ELECTRONICS TEACH-IN 3 


The three sections of this book cover 
a very wide range of subjects that will 
interest everyone involved in electronics, from hobbyists and 
students to professionals. The first 80-odd pages of Teach-In 3 
are dedicated to Circuit Surgery, the regular EPE clinic dealing 
with readers’ queries on various circuit design and application 
problems — everything from voltage regulation to using SPICE 
circuit simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The free cover-mounted CD-ROM is the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction to 
electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial), together with simulations 
of the circuits in the Teach-In 1 series, plus Flowcode (a 
limited version) a high level programming system for PIC 
microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. The contents of the book and Free CD-ROM have 
been reprinted from past issues of EPE. 


Order code ETI3 £8.50 


160 pages 
Bundle Price £14.00 


ELECTRONIC PROJECT BUILDING 

FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the 
practical side of this fascinating hobby, including the 
following topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction 
methods, including stripboard, custom printed circuit 
boards, plain matrix boards, surface mount boards and 
wire-wrapping; finishing off, and adding panel labels; 
getting “problem” projects to work, including simple 
methods of fault-finding. 

In fact everything you need to know in order to get started 
in this absorbing and creative hobby. 


135 pages Order code BP392 £5.99 


COMPUTING FOR THE OLDER GENERATION 
Jim Gatenby 

Among the many practical and useful ideas for using your 
PC that are covered in this book are: Choosing, setting up 
and understanding your computer and its main components. 
Writing letters, leaflets, invitations, etc., and other word 
processing jobs. Keeping track of your finances using 
a spreadsheet. Recording details of holidays and other 
ideas using a database. Using the Internet to find useful 
information, and email to keep in touch with family and 
friends. Making ‘back-up’ copies of your work and checking 
for viruses. How to use Windows XP to help people with 
impaired vision, hearing or mobility. 


Order code BP601 £8.99 


BUILD YOUR OWN PC - Fourth Edition 

Morris Rosenthal 

More and more people are building their own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying and 
actually fun. That is, if they have a unique beginner's guide 
like this one, which visually demonstrates how to construct 
a computer from start to finish. 

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what’s going on in the pictures. The author goes 
‘under the hood’ and shows step-by-step how to create 


308 pages 


The books listed have been selected 
by Everyday Practical Electronics 
editorial staff as being of special 
interest to everyone involved in 
electronics and computing. They are 
supplied by mail order direct to your 
door. Full ordering details are given 
on the last book page. 


FOR A FURTHER SELECTION 
OF BOOKS AND CD-ROMS 
SEE THE UK SHOP ON OUR 

WEBSITE - 


Www.epemag.com 


All prices include UK postage 


a Pentium 4 computer or an Athlon 64 or Athlon 64FX, 
covering: What first-time builders need to know; How 
to select and purchase parts; How to assemble the PC; 
How to install Windows XP. The few existing books on 
this subject, although outdated, are in steady demand. 
This one delivers the expertise and new technology that 
fledgling computer builders are looking for. 


224 pages - large format Order code MGH2 £16.99 


RADIO 


AN INTRODUCTION TO RADIO 

WAVE PROPOGATION 

J.G. Lee 

Radio wave propogation is one of the more important 
discoveries made in the early 20th century. Although 
technology lagged behind early experimenters pursued this 
newly discovered phenomenon eagerly for, in understanding 
the physics of propagation, they were discovering more 
about our Universe and its workings. 

Radio wave propagation has its origins in the world of 
solar physics. The Sun's radiation provides the mechanism 
for the formation of the ionosphere. How the ionosphere is 
formed, and how it provides long-distance communication, is 
carefully explained. Non-ionospheric propagation, including 
‘moonbounce'’ or satellite communications, is covered as well. 

This book has been written with the average electronic 
hobbyist in mind. Technical language and mathematics have 
been kept to a minimum in order to present a broad, yet 
clear, picture of the subject. The radio amateur, as well as the 
short-wave listener, will find explanations of the propogation 
phenomena which both experience in their pursuit of 
communications enjoyment. 


Order code BP293 £4.45 


116 pages 
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THEORY AND REFERENCE 


BEBOP TO THE BOOLEAN BOOGIE 

Second Edition 

Clive (call me Max) Maxfield 

This book gives the “big picture” of digital electronics. This 
in-depth, highly readable, guide shows you how electronic 
devices work and how they're made. You'll discover 
how transistors operate, how printed circuit boards are 
fabricated, and what the innards of memory ICs look like. 
You'll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it's used. And there’s much, MUCH more. 
The author's tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate. 

Contents: Fundamental concepts; Analog versus digital; 
Conductors and insulators; Voltage, current, resistance, 
capacitance and inductance; Semiconductors; Primitive 
logic functions; Binary arithmetic; Boolean algebra; 
Karnaugh maps; State diagrams, tables and machines; 
Analog-to-digital and digital-to-analog; Integrated circuits 
(ICs); Memory ICs; Programmable ICs; Application-specific 
integrated circuits (ASICs); Circuit boards (PWBs and 
DWBs); Hybrids; Multichip modules (MCMs); Alternative 
and future technologies. 


Order code BEB1 £35.99 


470 pages 


BEBOP BYTES BACK (and 
the Beboputer Computer 
Simulator) CD-ROM 

Clive (Max) Maxfield 

and Alvin Brown 

This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information about 
how computers work. It picks up 
where “Bebop |” left off, guiding 
you through the fascinating world 

of computer design . . . and you'll 
have a few chuckles, if not belly 
laughs, along the way. In addition 
to over 200 megabytes of mega- 
cool multimedia, the CD-ROM contains 

a virtual microcomputer, simulating the motherboard and 
standard computer peripherals in an extremely realistic 
manner. In addition to a wealth of technical information, 
myriad nuggets of trivia, and hundreds of carefully drawn 
illustrations, the CD-ROM contains a set of lab experiments 
for the virtual microcomputer that let you recreate the 
experiences of early computer pioneers. If you're the slightest 
bit interested in the inner workings of computers, then don’t 
dare to miss this! 


Over 800 pages in Adobe Acrobat format 


CD-ROM Order code BEB2 CD-ROM £21.95 


INTERFACING PIC MICROCONTROLLERS 

Martin Bates 

An essential guide to PIC interfacing techniques, using 
circuit simulation to aid learning. 

Explore in detail microcontroller interfacing techniques 
using the popular PIC 16F877. Work through step-by-step 
examples interactively using circuit simulation software, 
supplied as assembly source code. 

Interfacing PIC Microcontrollers provides a thorough 
introduction to interfacing techniques for students, hobbyists 
and engineers looking to take their knowledge of PIC 
application development to the next level. Each chapter 
ends with suggestions for further applications, based on 
the examples given, and numerous line drawings illustrate 
application of the hardware. 

Step-by-step examples in assembly language are used 
to illustrate a comprehensive set of interfaces, and these can 
be run interactively on circuit simulation software, used to aid 
understanding without the need to build real hardware. 

A companion website includes all examples in the text 
which cam be downloaded together with a free version of 
Proteus's ISIS Lite. 
298 pages Order code NE48 £30.99 
GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 
This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing 
the relative merits and the limitations of the two types. 


In Chapter 2 various methods of component checking 
are described, including tests for transistors, thyristors, 
resistors, capacitors and diodes. Circuit testing is covered 
in Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects. 


102 pages Order code BP239 £5.49 


OPERATIONAL AMPLIFIER USER’S HANDBOOK 
R. A. Penfold 

The first part of this book covers standard operational amplifer 
based “building blocks” (integrator, precision rectifier, function 
generator, amplifiers, etc), and considers the ways in which 
modern devices can be used to give superior performance in 
each one. The second part describes a number of practical 
circuits that exploit modern operational amplifiers, such as 
high slew-rate, ultra low noise, and low input offset devices. 
The projects include: Low noise tape preamplifier, low 
noise RIAA preamplifier, audio power amplifiers, d.c. power 
controllers, opto-isolator audio link, audio millivolt meter, 
temperature monitor, low distortion audio signalgenerator, 
simple video fader, and many more. 


Order code BP335 £5.45 


PRACTICAL ELECTRONICS HANDBOOK - 

Fifth Edition. lan Sinclair 

Provides a practical and comprehensive collection of 
circuits, rules of thumb and design data for professional 
engineers, students and enthusaists, and therefore enough 
background to allow the understanding and development of 
a range of basic circuits. 

Contents: Passive components, Active discrete 
components, Circuits, Linear |.C.s, Energy conversion 
components, Digital 1.C.s, Microprocessors and 
microprocessor systems, Transferring digital data, Digital- 
analogue conversions, Computer aids in electronics, 
Hardware components and practical work, Micro-controllers 
and PLCs, Digital broadcasting, Electronic security. 


120 pages 


440 pages Order code NE21 £32.50 


FOR MORE BOOKS 
& CD-ROMS 


CHECK OUT 
www.epemag.com 


MUSIC, AUDIO AND VIDEO 


QUICK GUIDE TO DIGITAL AUDIO RECORDING 
lan Waugh 
Covers: 

* What computer system you need 

* Sound and digital audio essentials 

* What to look for in a sound card 

* What effects to use 

¢ The art of mixing 

* How to burn your music to CD 

* How to post your songs on the Web 

All modern music recordings use digital audio technology. 
Now everyone with a compouter can produce CD-quality 
recordings and this book shows you how. Written in a clear 
and straightforward style, it explains what digital audio 
recording is, how to use it, the equipment you need, what 
sort of software is available and how to achieve professional 
results. 

Computer-based recording is the future of music and this 
book shows how you can join the revolution now. 


Order code PC121 £7.95 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you get 
them? How do you use them? Why have they thrown record 
companies into a panic? Will they make music easier to 
buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this concise 
and practical book which explains everything you need 
to know about MP3s in a simple and easy-to-understand 
manner. It explains: 

How to play MP3s on your computer; How to use MP3s 
with handheld MP3 players; Where to find MP3s on the 
Web; How MP3s work; How to tune into Internet radio 
stations; How to create your own MP3s; How to record your 
own CDs from MP3 files; Other digital audio music formats. 


Temporarily out of print 


208 pages 
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ELECTRONIC PROJECTS FOR VIDEO 
ENTHUSIASTS 

R. A. Penfold 

This book provides a number of practical designs for video 
accessories that will help you get the best results from 
your camcorder and VCR. All the projects use inexpensive 
components that are readily available, and they are easy to 
construct. Full construction details are provided, including 
stripboard layouts and wiring diagrams. Where appropriate, 
simple setting up procedures are described in detail; no test 
equipment is needed. 


The projects covered in this book include: Four channel 
audio mixer, Four channel stereo mixer, Dynamic noise 
limiter (DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power supply unit. 


Order code BP356 £5.45 


MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 
Nearly everyone with musical aspirations also has a 
computer. This same computer can double as a high 
quality recording studio capable of producing professional 
recordings. This book tells you what software and hardware 
you will need to get the best results. 

You'll learn about recording techniques, software and 
effects, mixing, mastering and CD production. 

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It's the perfect answer 
to the question “How do | use my computer to produce my 


own CD?” 
Order code PC120 £10.95 


92 pages 


109 pages 


ALL PRICES INCLUDE 
UK POST & PACKING 
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FAULT FINDING, CIRCUITS AND DESIGN 


STARTING ELECTRONICS - 4th Edition 

Keith Brindley 

A Starting Electronics is unrivalled as a highly practical 
introduction for technicians, non-electronic engineers, software 
engineers, students, and hobbyists. Keith Brindley introduces 
readers to the functions of the main component types, their 
uses, and the basic principles of building and designing 
electronic circuits. Breadboard layouts make this very much a 
ready-to-run book for the experimenter, and the use of readily 
available, inexpensive components makes this practical 
exploration of electronics easily accessible to all levels of 
engineer and hobbyist. 

Other books tell readers what to do, but sometimes fail to 

explain why — Brindley gives readers hands-on confidence 
in addition to real scientific knowledge, and insight into the 
principles as well as the practice. All written explanations and 
steps are supplemented with numerous photos, charts, tables 
and graphs. Concepts and practical aspects are explained 
thoroughly with mathematical formulae and technical schematic 
drawings. 
Each chapter introduces a concept or tool, explains the basic 
theory, and provides clear instructions for a simple experiment 
to apply the concept or tool, with quiz sections and answers, at 
the end of each chapter. 


296 pages Order code NE100 £18.99 


starting — 
Electronics 


HOW ELECTRONIC THINGS WORK - AND WHAT 
TO DO WHEN THEY DON’T 

Robert Goodman 

You never again have to be flummoxed, flustered or taken 
for a ride by a piece of electronics equipment. With this fully 
illustrated, simple-to-use guide, you will get a grasp on the 
workings of the electronic world that surrounds you — and 
even learn to make your own repairs. 

You don’t need any technical experience. This book 
gives you: Clear explanations of how things work, written 
in everyday language. Easy-to-follow, illustrated instructions 
on using test equipment to diagnose problems. Guidelines 
to help you decide for or against professional repair. Tips on 
protecting your expensive equipment from lightning and other 
electrical damage, lubrication and maintenance suggestions. 


Covers: colour TVs, VCRs, radios, PCs, CD players, 
printers, telephones, monitors, camcorders, satellite dishes, 
and much more! 


Order code MGH3 £21.99 


PIC IN PRACTICE (2nd Edition) 

David W. Smith 

A graded course based around the practical use of the 
PIC microcontroller through project work. Principles 
are introduced gradually, through hands-on experience, 
enabling hobbyists and students to develop their 
understanding at their own pace. The book can be used 
at a variety of levels. 

Contents: Introduction to the PIC microcontroller; 
Programming the 16F84 microcontroller; Introductory 
projects; Headers, porting code — which micro?; Using 
inputs; Keypad scanning; Program examples; The 16C54 
microcontroller; Alphanumeric displays; Analogue to 
digital conversion; Radio transmitters and receivers; 
EEPROM data memory; Interrupts; The 12 series 8-pin 
microcontroller; The 16F87X microcontroller; The 16F62X 
microcontroller; Projects; Instruction set, files and registers; 
Appendices; Index. 


394 pages 


308 pages Order code NE39 £24.99 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 

Robin Pain 

To be a real fault finder, you must be able to get a feel for 
what is going on in the circuit you are examining. In this 
book Robin Pain explains the basic techniques needed to 
be a fault finder. 

Simple circuit examples are used to illustrate principles 
and concepts fundamental to the process of fault finding. 
This is not a book of theory, it is a book of practical tips, 
hints and rules of thumb, all of which will equip the reader 
to tackle any job. You may be an engineer or technician in 
search of information and guidance, a college student, a 
hobbyist building a project from a magazine, or simply a 


BOOK ORDER FORM 


Full NAME? sescecsecenivie ncn nen nce 


ACGQOSS i vescssee sacs: saceates:cenessncerasepessaensceessactieeeseieess 


Post code: ......... 


SIQMALUNO Eg 5s ce bosccnncsdects cect chasacsdgtvechshdbebesdeceatset 


atevasstiere Telephone NO: ......ccce snes 


C1 | enclose cheque/PO payable to DIRECT BOOK SERVICE for £ 


OO Please charge my card £ 
Card Number 
Valid From Date .. 


Please send book order COdeS: .........:eceeeeereteee 


. Card Security Code .. 


Card expiry date 
Maestro Issue No. 


(the last three digits on or just below the signature strip) 


Please continue on separate sheet of paper if necessary 


BOOK ORDERING DETAILS 


keen self-taught amateur who __- 


‘ 
is interested in electronic fault cal 
finding but finds books on the Pract + 


subject too mathematical or 
specialised. Y and 

The fundamental principles Fault Finding 
of analogue and _ digital + 
fault finding are described Troubleshooting 
(although, of course, there 
is no such thing as a “digital 
fault” — all faults are by nature 
analogue). This book is written 
entirely for a fault finder using 
only the basic  fault-finding 
equipment: a digital multimeter 
and an_ oscilloscope. The 
treatment is non-mathematical 
(apart from Ohm's law) and all 
jargon is strictly avoided. 


274 pages Order code NE22 £41.99 
A BEGINNERS GUIDE TO CMOS DIGITAL ICs 

R. A. Penfold 

Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 
electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous “real world” applications. 

The topics covered in this book include: the basic concepts 
of logic circuits; the functions of gates, inverters and other 
logic “building blocks”; CMOS logic i.c. characteristics, and 
their advantages in practical circuit design; oscillators and 
monostables (timers); flip/flops, binary dividers and binary 
counters; decade counters and display drivers. 


Order code BP333 £5.45 


AUDIO AMPS 


119 pages 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 
valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 

Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the vacuum 
tube, whether audio enthusiasts tackling their first build, or 
more experienced amplifier designers seeking to learn the 
ropes of working with valves. The practical side of this book 
is reinforced by numerous clear illustrations throughout. 


368 pages Order code NE40 £29.00 


VALVE AMPLIFIERS 

Second Edition. Morgan Jones 

This book allows those with a limited knowledge of the 
field to understand both the theory and practice of valve 
audio amplifier design, such that they can analyse and 
modify circuits, and build or restore an amplifier. Design 
principles and construction techniques are provided so 
readers can devise and build from scratch, designs that 
actually work. 

The second edition of this popular book builds on its 
main strength — exploring and illustrating theory with 
practical applications. Numerous new sections include: 
output transformer problems; heater regulators; phase 
splitter analysis; and component technology. In addition 
to the numerous amplifier and preamplifier circuits, three 
major new designs are included: a low-noise single-ended 
LP stage, and a pair of high voltage amplifiers for driving 
electrostatic transducers directly — one for headphones, one 


for loudspeakers. 
Order code NE33 £40.99 


288 pages 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please add £3 per book. For the rest of the world airmail add £4 per 
book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money order (£ sterling only) made payable to Direct 
Book Service or card details, Visa, Mastercard, or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMITED, 113 LYNWOOD DRIVE, MERLEY, 


WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. Please check price and availability (see latest issue of Everyday 
Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs @wimborne.co.uk 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


PROJECT TITLE ORDERCODE COST 


JANUARY ‘11 


* Multi-Purpose Car Scrolling Display 

— Main Board 

— Display Board 
USB-Sensing Mains Power Switch 
*433MHz UHF Remote Switch 

—Transmitter 

— Receiver 


FEBRUARY ‘11 
Time Delay Photoflash Trigger £11.66 
Tempmaster Mk.2 £10.31 


MARCH 11 
* GPS Synchronised Clock £9.62 

* Digital Audio Millivoltmeter £13.61 
Theremin £12.64 
USB Printer Share Switch £8.16 


APRIL ‘11 
MultiMessage Voice Recorder £9.04 
PIR-Triggered Mains Switch £9.60 
* Intelligent Remote-Controlled Dimmer £8.36 


MAY '11 
*6-Digit GPS Clock £12.83 
Simple Voltage Switch For Car Sensors £8.16 

The «Current (double-sided, surface mount) £13.80 
* Digital Audio Oscillator (double-sided) £14.20 


JUNE ‘11 
230V AC 10A Full-Wave Motor Speed Controller £10.69 
Precision 10V DC Voltage Reference TI 
6-Digit GPS Clock Driver (Pt.2) £8.16 
Musicolour IRDA Accessory £7.38 


JULY '11 


Beam-Break Flash Trigger — IR Source 
— Detector B12 
Metal Locator £8.56 
Multi-Function Active Filter £10.00 
Active AM Loop Antenna and Amp (inc. Varicaps) 
— Antenna/Amp 
—Radio Loop E10 C7 


AUGUST 11 

Input Attenuator for the Digital 
Audio Millvoltmeter 

* SD Card Music & Speech 
Recorder/Player 

* Deluxe 3-Chan. UHF Rolling Code 
Remote Control — Transmitter 

— Receiver 


SEPTEMBER ‘11 


* Digital Megohm and Leakage Current Meter 
Auto-Dim for 6-Digit GPS Clock 


OCTOBER '11 

* High-Quality Stereo DAC — 
Input & Control Board 
Stereo DAC/Analogue Board 
Front Panel Switch 
Power Supply Board 
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PROJECT TITLE ORDERCODE COST 


Twin Engine SpeedMatch Indicator 
%* Wideband Air/Fuel Display (double-sided) 


NOWEMBER ‘11 

* Digital Capacitor Leakage Meter 
One-of-Nine Switch Indicator 

— Main Board 
— Remote Display Board 


DECEMBER ‘11 

* Wideband Oxygen Sensor Controller 
%* WIB (Web Server In A Box) 

* Ginormous 7-segment LED Panel Meter 

— Master (KTA-255v2) 

— Slave (KTA-256v2) 

— Programmed Atmega328 


JANUARY '12 
Balanced Output Board For The Stereo DAC 


FEBRUARY 12 
* Air Quality Monitor (CO,/CO) 
WIB Connector Daughter PCB 


MARCH '12 

* Internet Time Display Module 
Solar-Powered Intruder Alarm 
* Very, Very Accurate Thermometer/Thermostat 


APRIL’12 

* Digital Audio Signal Generator 
— Main Board (Jay or Alt) 
—Control/Display Board 


EHT Stick 
Capacitor Leakage Adaptor For DMMs 


Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ 


Everyday Practical 
Electronics 


= Ca es 
CardiNo: Ayo son deo Bye ekg Re EMP ae ee eb 
Valid From Expiry Date 


Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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ADVERTISEMENTS 


Everyday Practical Electronics reaches 
more UK readers than any other UK 
monthly hobby electronics magazine, our 


Sales figures prove it. We have been the 
leading monthly magazine in this market 
for the last twenty-five years. 


If you want your advertisements to be seen by the largest readership at the most 
economical price our classified page offers excellent value. The rate for semi-display 
space is £10 (+VAT) per centimetre high, with a minimum height of 2-5cm. All semi- 
display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 


(+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. 
VAT must be added. Advertisements, together with remittance, should be sent 
to Everyday Practical Electronics Advertisements, 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified 
advertising please contact our Advertisement Manager, Stewart Kearn as above. 


Robot Bits 


Robots, Arduino & more! 


eb 


www.RobotBits.co.uk 


0845 5 191 282 


BTEC ELECTRONICS 


Microcontroller with 
colour touch screen 
based on PIC32 


TECHNICIAN TRAINING 
NATIONAL ELECTRONICS 


VCE ADVANCED ICT 


BASIC on Board 


HNC AND HND ELECTRONICS 


FOUNDATION DEGREES 


www.byvac.com 


NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue: 


If you would like to advertise on the Classified page 


MISCELLANEOUS 


VALVES AND ALLIED COMPONENTS. IN 
STOCK. Phone for free list. Valves, books and 
magazines wanted. Geoff Davies (Radio), tel. 
01788 574774. 


then please call Stewart Kearn on: 


01202 880299 


or email stewart.kearn@wimborne.co.uk 


ADVERTISERS INDEX 
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Next Month Content may be subject to change 


Compact High-Performance 12V Stereo Amplifier 

Amplifiers running from 12V DC generally don’t put out much power, and usually they are 
not exactly ‘hifi’. However, this little stereo amp ticks the power and low distortion boxes. 
With a 14.4V supply, it will deliver 20W per channel into 4Q loads at impressively low 
distortion levels. 


Low-Power Car/Bike USB Charger 

Looking for an efficient USB charger that can operate from a 12V car battery? This unit 
functions at up to 89% efficiency and can charge USB devices at currents up to 525mA. 
Best of all, it won't flatten the battery if it’s left permanently connected. 


Solar-Powered Lighting System 

Need lighting away from a power source? Try this one: it’s ideal for your garden, shed or 
campsite. With a 5W solar panel, 12V SLA battery and smart controller, it has three- 
stage charging for the battery and maximum power point tracking for the solar panel. 


A High-Quality Digital Audio Signal Generator — Part 3 
In the March and April 2012 issues, we described the design and construction of our new 
Digital Audio Signal Generator. The final article next month has the driving instructions. 


MAY ’12 ISSUE ON SALE 5 APRIL 2012 


Rechargeable Batteries With Solder Tags 
NIMH NICAD 


AA 2000MAN .... +£2.82 AA 650mAn... 
C 4Ah... 
D 9Ah.... 


PP3 150mAh .... - : | oh CVC Chelmer Valve Co Ltd 


Instrument case with edge connector and screw terminals 1 961 - 201 1 
Size 112mm x 52mm x 105mm tall Over 24 million obsolete components 
in physical stock 


This box consists of a cream base with a PCB slot, a cover plate to pro- 
tect your circuit, a black lid with a 12 way edge connector and 12 screw 
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream A . 
bases have minor marks from dust and handling price £2.00 + We stock obsolete and hard to find Audio tubes, 


VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44. Semiconductors, Integrated Circuits, Transistors, 
= -_ Capacitors and Resistors. We deal with private 
individuals, Engineers, Hobbyists, 
Schools and Governments. 


Its our 50th anniversary, mention this advert and 
receive a 10% disount on your order, its the least 


we can do for our customers who have been with 
866 battery pack originally intended to be 
used with an orbitel mobile telephone it us all these years! 
contains 10 1-6Ah sub C batteries (42 x 
22 dia. the size usually used in cordless 
screwdrivers etc.) the pack is new and WE ALSO BUY SURPLUS COMPONENTS AND 
unused and can be broken open quite 
easily £7.46 + VAT = £8.77 ore ¢ AUDIO TUBES - PLEASE CALL US FORA 


4 


Please add £1.66 + VAT = £1.95 postage & packing per order COMPETITIVE QUOTE. 


thei ringer 

f , terfield, i . 

ital tae 1iS02 Ear 01246 S800 Tel: 01621 745450 
www.JPGElectronics.com 


Dear ie ae www.chelmervalve.co.uk 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday 


Published on approximately the first Thursday of each month by Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Printed in England by Acorn Web Offset Ltd., 
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SS! EZ Designed in the UK, 
FAT Made in the UK. 


The Atlas LCR (Model LCR40) ts now supplied with our new premium 
quality 2mm plugs and sockets to allow for greater testing flexibility 
Includes new robust gold plated hook probes as standard, others 


available as an option 


Test inductors (from tuH to 10H), capacitors 
(1pF to 10,000uF) and resistors (19 to 
2M). Auto-range, auto-frequency and 


auto component selection 


Basic accuracy of 1.5% (typical 
accuracy specified for 
inductance 100uH-100mH, 
capacitance 200pF-500nF) 
Minimum resolution is typically 
1uH, 1pF and 10 


Battery, user guide and new 


Style hook probes included as standard 


* 


Optional Probes 


Tel. 01298 70012 
www.peakelec.co.uk 
sales@peakelec.co.u 


West Road House 


West Road 
Buxton 
Derbyshire 
SK17 6HF 


Visit our website for more detailed 


data or call us for a free datasheet. 


+ 


£70 + VAT 


£84 inc UK VAT 
UK P&P at £3 inc VAT 


WW 


w.stewart-of-reading.co.u 


Check out our website, 1,000 s of items in stock. 
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HP8560E SPECTRUM ANALYSER 
30HZ-2.9GHZ with Tracking Generator 
£3,500 
HP8560 SERIES SPECTRUM 
ANALYSER Frequency up to 26GHZ 
Various Models from £2,500-£7,000 


HP83731A/B 
SYNTHESISED SIGNAL GENERATOR 
1-20GHZ Various Options 


£4,000-5,000 — 


TEKTRONIX TDS784D 
4 Channel 1GHZ 4GS/S 
Opts 05/1M/2M/2C/3C/4C no Probes 
£2,750 


R&S SMR 40 10MHZ-40GHZ SIGNAL 
GENERATOR Options B1/3/4/5/11/14/17 
£POA 


RACAL 1792 RECEIVER 
£300 


AGILENT E4402B Spectrum Analyser 
100HZ — 3GHZ with Option 1DN Tracking 
Gen; 1 DR Narrow Res; A4H GPIB, 

UKB.. ..£5800 
HP 351 ignal Analyser 
2 Channel. Unused in original box...£4000 
AGILENT 83752B Synthesised Sweeper 


QOT=2OGHZ asics oancindedsgesiees cri £6000 
HP83711B Synthesised 1-20GHZ with 
Opt IEI Attenuator.....................204 £5000 


AGILENT/HP E4431B Signal Generator 
250KHZ-2GHZ Digital Modulation...£2750 
MARCONI 2024 Signal Generator 9KHZ- 
2.4GHZ Opt 04.........2. 0 eee £1250 
MARCONI/IFR 2030 Signal Generator 
10KHZ-1.35 GHZ 
MARCONI 2022E Synthesised AM/FM 
Signal Generator 10KHZ-1.01GHZ ...£500 
HP8566A Spectrum Analyser 100HZ- 


POG Z wesc acc aaietaainescatsetnawipncasen £1950 
HP8568A Spectrum Analyser 100HZ- 
TBOOMIZ ccsias ccanciievavieneenetcdedoatace £1250 


AVCOM PSA-37D Spectrum Analyser 
1MHZ-4.2GHZ.. 
IFR 1200S Service Communication 
MONIOM....ccccscncccasnedsnniaceedannacedesea £1500 
HP6624A Power Supply 0-20V 0-2A 
Twice, 0-7V 0-5A; 0-50V 0.8A 


SpeClal: Price. ses sssch ces saeviadvecaaned £350 
AVO/MEGGAR FT6/12 AC/DC 
breakdown tester.................4+ £400-£600 


MARCONI/IFR/AEROFLEX 2025 Signal 
Gen 9KHZ—2.51GHZ Opt 04 High Stab 
Opt 11 High Power etc As New....... £2500 
SOLARTRON 1250 Frequency Response 


Analyser 10UHZ-65KHZ................. £995 
HP3324A Synthesised Function 
Generator 21MHZ.................c0000008 £500 
HP41800A Active Probe 5HZ-SOOMHZ 
sateetatlevedaieesienedvaseg tivadebetciestetd £750 
ANRITSU MS2601A Spectrum Analyser 
10KHZ-2.2GHZ 50o0hm...............62. £750 
AGILENT E4421B 250KHZ-3GHZ 

Signal Generator..............0...:::.08 £2500 


HP53131A Universal Counter Opt 001 
Unused Boxed 3GHZ... 
Unused Boxed 225MHZ. 
Used 225MHZ.. 
HP8569B Spectrum Analyser 0. 


500MHZ 2GS/S Colour.............. £1250 
QUART LOCK 10A-R Rubidium 
Frequency Standard.................. £1000 
PENDULUM CNT90 Timer/Counter 
/Analyser 20GHZ.................0..45 £1950 
ADVANTEST R3465 Spectrum 
Analyser 9KHZ-8GHZ.............2...00008 £- 


HP Programmable Attenuators £300 
each 

33320H DC-18GHZ 11db 

33321G DC-18GHZ 70db 

Many others available 

AGILENT E3610A Power Supply 0-8v 
0-3A/0-15v 0-2A Unused 

AGILENT E3611A Power Supply 0-20V 
0-1.5A/0-35V 0-0.85V Unused 
HP6269B Power Supply 0-40V 0-50A 


AMPLIFIER RESEARCH Power 
Amplifier 1000OLAMB.................. £POA 
MARCONI/IFR 2945/A Radio 
Communication Test Sets with options 
seewee. Ulan scare canes ess unnckae from £3,000 
MARCONI 2955/A/B Radio 


MOS GO, cincsasunateeneis concise es cnacean tees £- 
HP33120A Function Generator 

100 MicroHZ — 15MHZ Unused Boxed 
ms £595 
£395 


Used, No Moulding, No Handle. 
ENI 3200L RF Power Amplifier 
250KHZ-150MHZ 200W 55Db...£POA 
CIRRUS CRL254 Sound Level Meter 
with Calibrator...................00ceeeeeee £95 
CEL328 Digital Sound Level Meter with 
CEL284/2 Acoustical Calibrator........... 


SPECIAL OFFERS 
MARCONI 2305 Modulation Meter.£295 
MARCONI 6960B Power Meter with 


£125 


ANRITSU 54169A 
Scaler Network 
Analyser 0.01- 
40GHZ £POA 


ANRITSU 37247C 
Vector Network 
Analyser 0.04- 
20GHZ £POA 


Many Accessories 
with each unit 


FLUKE SCOPEMETERS 99B Series II 
2Ch 100MHZ 5GS/G 

devisiaaatvinn dee caaeniceciewuatd ... from £325 
97 2Ch 50MHZ 25MS/S .. from £225 


STEWART of READING 
17A King Street, Mortimer, 
Near Reading RG7 3RS 
Telephone: 0118 933 1111 
Fax: 0118 933 2375 
9am — 5pm Monday — Friday 


Used Equipment - GUARANTEED 
Prices plus Carriage and VAT 


Please check availability before 
ordering or CALLING IN 


ROUTE FASTER ! 


WITH PROTEUS PCB DESIGN 


Our completely new manual router makes placing tracks quick and intuitive. During track 
placement the route will follow the mouse wherever possible and will intelligently move 
around obstacles while obeying the design rules. 


All versions of Proteus also include an integrated world class shape based auto-router as 


standard. 


PROTEUS DESIGN SUITE Features: 


Hardware Accelerated Performance. . 
Unique Thru-View™ Board Transparency. = 
Over 35k Schematic & PCB library parts. = 
Integrated Shape Based Auto-router. . 
Flexible Design Rule Management. 7 
Polygonal and Split Power Plane Support. 


Board Autoplacement & Gateswap Optimiser. 
Direct CADCAM, ODB++, IDF & PDF Output. 
Integrated 3D Viewer with 3DS and DXF export. 
Mixed Mode SPICE Simulation Engine. 
Co-Simulation of PIC, AVR, 8051 and ARM. 
Direct Technical Support at no additional cost. 


Prices start from just £150 exc. VAT & delivery 


abcenter www.liabcenter.com 


Electronics 


Visit our website or 
phone 01756 753440 


Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. F 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com for more details 


